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A practical work, and cannot but prove useful to all connected with the 
manufacture of iron, while at the same time, from its clearness and perspi- 
cuity, it must interest the general reader who may wish to seek informa- 
tion on this important branch of English industry. — Mining Journal, 

The able and practical treatment of the subject by Mr. Truran must in- 
sure the position of the work asja standard book of reference. — Artizaiu 

The metallurgy of iron is a subject of considerable interest to the 
engineering profession, but hitherto we have been singularly deficient of 
treatises of a practical description suitable alike to the iron manufacturer 
and the engineer. It is then, with much pleasure, that we notice the ap- 
-pearance of a work intended to supply the deficiency, written by an engi- 
neer, whose acquaintance with the subject has been obtained by a lengthy 
professional engagement with the largest ironmasters. The manufacture 
of iron, from the oro to the finished bar, is ably treated, and the work ap- 
pears to be the most comprohensive hitherto published on this interesting 
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Upon the subject of wrought-iron constructions Mr. Humber enters, 
in his recent numbers, and i-efors to the extensive series of experiments 
by Fairbaim, Hodgkinson, and Edwin Clarke. He describes the difference 
in the construction of tubular bridges, tubular girder bridges, the treUis 
girder of Warren and Kennard, the lattice bridge, and other varieties of 
wrought-iron combinations, and then proceeds to describe the illustra- 
tions given in the several plates. The textual matter relating to the 
several works referred to is of a practical character, suited for reference, 
and at once available for the use of the constructive engineer. The whole 
of the details referred to in the textual part of the third number, relate 
solely to works executed by Fox, Henderson k Co., and designed and 
executed imder Mr. Joseph Cubitt, C.E. On the whole, Mr. Humber's 
work is, so far as it has progressed, a creditable performance, and when 
finished according to his designs, will form an excellent book of reference, 
and prove highly valuable to the Profession. It has been got up in good 
style by the publishers ; and the illustrations, generally, are alike credit- 
able to the lithographic artist and the author. — Artizan, 

We have already expressed a favourable opinion of Mr. Humber's work, 
as indicated in his first instalment. The parts since published, now 
before us, are satis&ctory followers, and prove the author to be an 
assiduously industrious labourer in the cause which he has undertaken. 
Mr. Humber's work deserves well of the Profession. 

Practical Mechanics Journal^ Dec. 1856. 

Valuable examples of engineering ; the plates are clear, and appear 
to be executed with great attention to accuracy. 

Civil Engineer and Architects Journal. 
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PREFACE. 



In preparing the present volume for publication^ our 
object has rather been to make it a convenient book of 
reference than a popular description of Mining and Metal- 
lurgic operations. 

The Introductory Chapter is the result of a considerable 
amount of research, and presents in a tabular form a large 
collection of analyses of various ancient alloys. 

The subject of Mining Machinery has been treated of at 
some length, and simple rules are given for making the 
necessary calculations. 

A chapter on Superheated Steam has been introduced, 
which, from the novelty and importance of the facts adduced, 
may not, it is hoped, be found entirely without interest. 

The notice of recent improvements in Metallurgy includes 
some valuable additions to our knowledge of that art. We 
are indebted for the description of Sinding^s method of 
treating copper ores to Mr. P. Worsley, who was for some 
time occupied in making experiments on the precipitation of 
copper by this means. 

We have also the pleasure of inserting a paper on the 
Joint Stock Act of 1856, by Mr. W. V. Venables, and 
another on Boring, by Mr. G. Darlington. 

The Assaying of all the more common varieties of ore 
is treated of in a concise and practical manner, and care 



IV PREFACE. 

has beeo taken only to introduce such methods as long ex- 
perience has proved to be both simple and effective. 

Considerable misapprehension appears to prevail relative 
to Mining as a source of investment for capital. This subject 
will be found noticed at considerable length, and is illustrated 
by a series of Tables showing the commercial value of that 
class of industry. 

Mining Economics have received a due proportion of atten- 
tion, and it is hoped that the various information arranged 
in a tabular form may be found to afford a convenient source 
of reference. 

The illustrations of this volume have been reduced from 
working drawings, and engraved on wood by Mr. F. De la 
Motte. 

London, Sept., 1857. 
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HISTORICAL NOTICE. 



Ik the time of Moses, at least six metals were known, since, in his 
direction for the purification of the spoils of the Midianites, he 
says : " Only the gold and the silver, the brass, the iron, the tin, 
and the lead, every thing that may abide the fire, ye shall make 
it pass through the fire and it shall be clean.* Thus showing that 
the metallurgic arts had at that early period attained considerable 
perfection, and that the metals were of frequent occurrence and 
constant employment. Of the various metallurgic processes prac- 
tised in the early ages of the world, little can be at present known ; 
but it would appear likely, from some passages in the sacred 
writings, as well as from the somewhat con^sed and obscure 
accounts of profane authors, that they differed but little from 
those which are employed at the present day. 

That silver was at a very early period punfied by means of lead, 
the following passages would seem to indicate: "The house of 
Israel is to me become dross ; all they are brass, and tin, and iron, 
and lead in the midst of the furnace, they are even the dross of 
8ilver."t And again, " The bellows are burned, the lead is con- 
sumed of the fire, the founder melteth in vain." J We also read of 
silver being purified in a furnace of earth. Strabo quotes Polybius 
as speaking of a silver ore which, after being washed seven times, 
was melted with lead and became pure silver. 

That tin was not o nly well known, but also highly valued, at 
the time of the Trojan War, we learn from Homer, who calls it 
KaoairtpoQ, and mentions it as forming part of the armour of 
Ag&memnon,§ and shield of Achilles,|| to make which, Vulcan is 

• Numbers xxxi. 22. t Ezek. xxii. IS. % 5w, V\,'ia. 

§ niad, 2. 11 Biad, 18. 
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represented as throwing into the crucible, brass unconquered 
Kaffffirepog, and honoured gold and silver. 

Among the ancient Greeks and Eomans, the workers of metal 
had attained a pitch of excellence, in some instances scarcely to 
be surpassed in the present day; but although many proofs of 
their skill have come down to us, in the form of coins, statues, and 
implements of war, yet their authors afford but scanty information 
relative to the methods employed in their production. This may 
be accounted for by the fact, that those who have written on 
the subject could have been but imperfectly acquainted with it, 
the metals being generally found and extracted in mountainous 
countries, at a great distance from the large and populous cities 
in which the authors may be supposed to have usually resided, 
and who were, consequently, dependent for their facts on those 
who might be unable to enlighten them very fully on the subject. 

It is therefore not to be wondered at, that our stock of informa- 
tion should be limited, or that the ancient authors should treat 
rather of the uses of the metals, and the formation of alloys, than 
of their extraction from the ores. 

The art of working the alloys of copper was cultivated in Eome 
at a very early period after the foundation of that city, since we 
read that Kmg Numa, the immediate successor of Eomulus, 
founded a fraternity of brass founders, from which it may be 
inferred that this trade was even then in a flourishing condition.* 

At the date in which Pliny wrote his Natural History of the 
World, the Eomans had acquired an extensive knowledge of the 
metals, and their uses ; as we find him, in his thirty-third and 
thirty-fourth Books, not only describing gold, silver, brass, tin, 
iron, lead, antimony, mercury, and cadmia ; but he gives us also 
the proportions in which these various metals should be mixed, in 
order to form suitable alloys for casting, soldering, and brazing, 
and moreover describes, with a great degree of accuracy, the 
medicinal and other properties of some of their oxides and salts, as 
well as the method of their preparation and the localities in which 
they were found. Eut his descriptions of the means used for the 
extraction of these metals from their ores, are not only imperfect, 
but also frequently obscure. This arises both from the abrupt 
transitions which continually occur, and also from frequent allusions 
to methods and apparatus long since obsolete, and relative to which 
at the present time we have no means of acquiring knowledge. 

In speaking of gold, Pliny say8,t *' In these parts of the world 
in which we live, gold mines are found, to say nothing of India, 
where the ants cast it up out of the ground, or that which the 

* Pliny, xzxiy. 1. + Pliny, xxxiii. 4. 
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griffins gather in Scythia. The gold with us is procured in three 
ways ; among the sands of some great rivers, such as the Tagus in 
Spain, the Po in Italy, Hebrus in Thrace, Pactolus in Asia, and 
the Indian Q-anges, all of which yield gold. Neither is there any 
gold finer or more perfect, from being thoroughly polished, by the 
rubbing and attrition which it meets with in the courses of streams 
of water. There is also another method of obtaining gold, viz. : 
by digging it out of pits which are sunk for that purpose, or else 
in the caverns and breaches which occur by the fall of mountains." 
He also goes on to say, that the gold obtained by cleaving and 
opening mountains needs no trying or refining, as it is naturally 
fine and pure. In speaking of the value of gold, the samje author 
remarks:* "The reputation which it has acquired is for the 
following reason, — ^that it alone, of all things, loses nothing in the 
fire, but withstands its action without change. Indeed the oftener 
it has been in the fire the more refined and purer it becomes. One 
method of testing the quality of gold is by the application of fire, 
of which it ought to take not only the colour, but to a certain 
extent the radiance also. This kind is called Ohryzvm. This is 
another astonishing property of gold, that a fire made of light 
straw or chaff" will quickly melt it, whilst if it be thrown on the 
strongest fire of wood-charcoal, it will with difficulty yield to its 
intensity and melt. With respect to its purification, it should be 
melted with lead. The second property which causes gold to be so 
highly valued is, that it loses but little of its weight by use and 
attrition, whilst silver, lead, and copper, leave metallic stains on 
bodies which they touch, and soil the skin of those who handle 
them. Neither is there any metal which can be beaten out broader 
by the hammer, or divided more easily into parcels, as every ounce 
of it may be reduced into more than seven hundred and fifty leaves, 
each one of which being four fingers square. The other minerals, 
after their extraction, require the fire for their conversion into 
metal ; but gold, of which we now treat, is gold as soon as it is 
found." Again, " Neither rust nor canker alters the weight of 
gold, or affects in any way its quality. Salt and vinegar, though 
such active solvents, do not make the least impression on it." 

The above quotations go to show, that many of the properties 
of gold were known at this period, and also that the methods of 
extracting it were similar to those employed at the present day. 
Pliny, however, gives us but little information relative to its metal- 
lurgic treatment, except that lead was employed in its purification, 
and also that when found in lumps it was of itself pure, and 
required no artificial refining. He also states, when speaking of 

* Pliny » xxxiii. %, 
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the properties of mercury,* " So penetrating is this liquor, that 
there is no vessel hut it will eat and pass through. It supports 
everything which may be thrown into it, unless it he gold only, 
which sinks to the bottom. It is, besides, very useful for the 
purpose of refining gold ; to effect which object, that metal mixed 
with cinders is placed in an earthen pot, and shaken with mercury, 
which rejects all the impurities mixed vrith it, but in return takes 
hold of the gold itself. To expel it from the gold, the mixture is 
poured on skins, which, on being pressed, allow the mercury to 
pass through them in drops, whilst the gold remains in all its 
purity." The above process diflfers little from those in genersd 
use, for the purposes of amalgamation, at the present day ; but in 
this case Flmy's description is imperfect, inasmuch as the solid 
amalgam remaining on the skins would require the separation of 
the combined mercury before the gold could exist in the pure and 
fine state described. No mention is moreover made, of any means 
of separating gold from silver, or in fact of their ever being found 
associated, except in an alloy called electrumf said to be found in 
veins, and of which an arti&^ial kind was made by mixing one part 
of silver and four parts of gold, and which appears to have been 
anciently in great request, since Homer describes the palace of 
King Menelaus as glittering with gold, electrum, silver and ivory. 
This alloy, though sometimes made by the direct mixture of the 
two metals, was, doubtless, in most instances, a natural production, 
as many gold ores contain a portion of silver, and the ancients 
being ignorant of the method of separating them, and without 
any knowledge of the stronger acids,J might have been in the 
habit of occasionally adding a certain quantity of silver to speci- 
mens of gold which already contained a proportion of that metal, 
thereby converting them into electrum. 

That silver was formerly, as at the present day, chiefly extracted 
from the ores of lead, we are distinctly informed by the author of 

♦ PUny, xxxiii. 6. f Pliny, xxxiu. 4. 

t Nitric acid is first mentioned by Greber, who lived in the eighth century. 
He describes it under the name of ** dissolving water," and prepared it by 
distilling in a retort one pound of sulphate of iron of Cyprus, half a pound of 
saltpetre, and a quarter of a pound of alum of Jameni. This process, although not 
economical, would certainly produce nitric acid, and to this when obtained, he 
added sal-ammoniac, in order to give it the property of dissolving gold. Raymond 
Lully, who lived in the early part of the thirteenth century, employed the same 
process, except that he omitted the alum. Basil Valentine, who was bom about 
the year. 1400, describes a method of obtaining "Spirits g£ Nitre," by distilling 
nitrate of potash with powdered porcelain or clay, with which the potash entering 
into combination the same result is obtained as by the former method. Basil 
Valentine is also the first who describes oil of vitriol, which he prepared by 
dJstiBing sulphate of iron according to the method at present practised at 
Nordbausen in Saxony, 
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the "Historia Naturalia," who adds, that those ores of silver which 
do not contain lead, or an ore of lead, cannot be successfully worked 
without the addition of either one or the other. Tin and lead he 
seems to regard as only two varieties of the same metal, as he 
describes them under the title of white lead, and black, and states 
that the white lead called in Latin Plumbum candidum, and by 
the Greeks Cassiteros, was much more valuable, and commanded a 
higher price than the black variety. 

His description of the Flumhum candidum, and the state in 
which it was found, leaves no doubt that this much-valued metal 
was tin, it being represented as occurring among sand, in the 
dried-up beds of rivers, and as only known from the other sub- 
stances with which it was found associated, by its dark colour and 
great weight.* " There is likewise found in the gold mines a kind 
of lead-ore which they call Elutia (stream tin) . The water which 
is let into the mines washes, and carries down with it, certain little 
black stones, streaked and marked with white, and as heavy as the 
gold itself. It is gathered with it, and they remain together in the 
Baskets in which the gold is collected. These are not separated 
from it until after melting in the furnace, when the fusion trans- 
forms them into white lead.'* Again :" You cannot solder together • 
two pieces of black lead without white lead, neither can this be 
united to the other without the aid of oil.** He ako says of this 
metal : " Neither out of the white lead can any silver be extracted ; 
whereas out of the black this is commonly done." 

In speaking of common lead, the same author says : " It is much 
used for conduit pipes and for being hammered into thin plates,** 
and then goes on to describe the mines of Erance, Spain and 
Britain, which he states, when quite worked out and exhausted, 
become as productive as ever, and indeed even more so, if allowed 
to remain a short time without being worked; for which he 
accounts, by supposing the metal to be produced by the air, which 
has then free access into the mine. With regard to the state in 
which Plumbum niarum occurs, we are informed : " Black lead has 
a double origin ; wr it is either produced in a vein of its own 
without any other metal ; or otherwise it is mingled with silver in 

* ** It is generally considered that the Greeks obtained their tin by means of 
the Phoenicians from the Scilly Islands or Cornwall, but there is no direct proof 
of this ; and it i^pears probable, from the Sanskrit derivation of the Greek word 
(kassiteroB, from kasttra), that the Greeks originally obtained their tin from 
India. The Islands Cassiterides, however, the position of which was xinknovra to 
Herodotus (iiL 115), are supposed to be the Scilly Islands, or the peninsula of 
Cornwall, though their position is not exactly defined by Strabo (iii. 176). Still 
there can be little doubt that the Cassiterides, to which the Phoenicians from 
Gades (Cadiz) went for tin, and the Romans afterwards traded fet ^Jc^a ^ssssiSk 
commodity, were on the south-western angle o£ GtteaA. "ftrA^flir— ^«^«^^*'*=^" 
' Hindustan.' 
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the same mine, being mixed together in one stone of ore, and they 
are only separated by melting and refining in a furnace.* The first 
liquor that flows from the furnace is tin (Stannum), and the second 
silver. That part which remains behind is galena, the third element 
of the vein, which being again melted, after two parts of it are 
deducted, yields black lead." 

The above passage is obscure : tin, lead and silver, are not 
frequently found in the same stone, and were they thus to occur, 
the tin certainly would not be the first to flow out of the furnace. 

Professor John Phillips, in his excellent paper of " Ancient 
Metallurgy and Mining in Brigantia,'*t seems to be of opinion 
that the method here described might have had some resemblance 
to that invented and patented by H. L. Pattinson, Esq. This, 
however, appears less probable when we • consider that if, in 
Pattinson' s process, the rich lead were run ofi*, instead of dipping 
out the poor in the form of crystals, the metal thus obtained 
being but sparingly mixed with silver, would not have been called 
stannum, by which term an alloy of tin and lead is frequently 
expressed. It, therefore, does not seem impossible that the opera- 
tion referred to was simply cupellation, in which process the 
" abstriclis*^ and first litharge flowing from the furnace is much 
more impure than that subsequently obtained, and, therefore, 
when reduced, would yield a hard lead, not unlike pewter or 
Stannum* The silver thus obtained would of course remain on 
the cupel, whilst the litharge which flowed from the furnace after 
it got into steady action, together with that absorbed by the cupel 
itself, would, on being melted with a reducing-agent, yield pure, or 
nearly pure lead. It is therefore probable the author intends to 
convey the idea that three parts of litharge and " debris de coupelle** 
yield only one part of lead. 

That cupellation has long been employed for the extraction of 
silver from lead may be inferred from the works of Agricola, J who, 
in his "De Ee Metallica," describes and gives drawings of the 
furnaces used in his time for that purpose, and which exactly in 
every respect correspond with the old G-erman cupel in use at the 
present day. 

The Greeks and Romans have left no treatises relative to mining 
or metallurgy ; but it is scarcely reasonable to suppose, that had 
the method of refining lead by crystallization been known to them, 
it should either have been lost or fallen into disuse, as its advan- 
tages are too obvious not to have been evident to the rudest 
operators. Another argument against the opinion of Pliny having 

• Hist. Nat. xxxiv. 16. 

f ProceediDgs of the Yorkshire Philosophical Society for March, 1848. 
^ Bom A.D, 1494. 
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referred to this method, is the fact that rich lead, and not pure 
silver as described by him, is obtained hy the crystallizing process, 
and if this method were ever known, it must evidently have fallen 
into disuse before the time of Agricola, who makes no mention of 
any knowledge on the subject, but gives the old Q-erman furnace 
as that ordinarily employed for the extraction of silver, and which, 
from the circumstance of its having remained unchanged in every 
respect since the days of Agricola, may be supposed to have existed 
in the same form long prior to that time : and to have been probably 
not only used by the Greeks and Eomans, but possibly even at a 
much earlier date. 

Of all the metals employed by the ancients for the manufacture 
of objects of luxury, as well as for those adapted to the everyday 
usages of life, copper and its alloys were the most common ; as by 
far the greater portion of the coins, tools and implements of war, 
which are occasionally brought to light, are composed of some 
modification of either bronze or brass; and consequently, the 
making of these alloys, and their adaptation to the various wants of 
mankind, must have formed a very important branch of the manu- 
factures among the Greeks and Eomans. Accordingly, the author 
of the "Natural History of the World,'* after describing the 
properties of this metal, and stating the localities in which that of 
the best quality was found, gives the composition and proportions 
employed in the various alloys then common in Eome, and informs 
us to what uses they were severally applied. He also states that 
copper was first found in the Island of Cyprus, from whence two 
distinct kinds were exported :* one called Goronarium, which, when 
Induced into thin leaves and coloured with the gall of an ox, had 
a golden colour, and was employed for making coronets and tinsel 
ornaments for actors, from which circumstance it derived its 
appellation. Another variety, which was named Begulaire, is not 
particularly described, except that, like the former, it would stand 
hammering, and might be thus made to take any required form. 
The brass (copper) of the next best quality came from Campania, 
where it was the custom to add eight parts of lead to every 100 
pounds of copper. It is also mentioned, that in Erance it was 
usual to melt copper among red-hot stones, for the purpose of 
obtaining a steady heat, as a quick fire was found to blacken the 
metal and render it brittle. He. moreover informs us that the 
process was completed in one operation, but states that the quality 
would be improved by more frequent melting : " Moreover, it may 
not be amiss to state also, that all kinds of brass melt best in the 
coldest weather. For statues and tables, brass is worked in the 
following manner : Eirst the ore, or stone as it comes out o^ t^ 

♦ Pliny, xxxW. ft. 
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mine, is melted, and ae soon as this is done, they add to it a third 
part of scrap brass, consisting of broken pieces of vessels that have 
been used ; for it is time and use alone that bring brass to perfec- 
tion, it is the rubbing which conquers the natural harshness of the 
metal. They then mix twelve pounds and a half of tin to every 
hundred pounds weight of the aforesaid melted ore. The softest 
alloy is called Formally in Which are incorporated a tenth of black 
lead, and one twentieth part of argentine lead ; it is this mixture 
which best takes the colour called grecanic. The last alloy is that 
which is called Ollaria, or pot-brass, as it takes its name from the 
vessels for which it is mostly employed, and this is made by 
tempering every hundred pounds weight of brass with three or 
four pounds weight of argentine lead or tin.'** 

The dloys above described are merely modifications of bell- 
metal or bronze ; but it is not improbable that the ancients were 
acquainted with zinc-brass long before this period. Aristotle tells 
us that the Mosynaci, a people who inhabited a country not far 
from the Euxine Sea, were said to make copper of an exceedingly 
fine colour, not by the addition of tin, but by mixing and cementing 
it with an earth found in that country.f We are also informed by 
Strabo, that in the neighbourhood of And^ra, a citv of Phrygia, a 
remarkable kind of stone was met with, which Tbeing calcined 
became iron, and on being fiuxed with a certain kind of earth, 
yielded drops of a silvery-looking metal, which, mixed with copper, 
formed an alloy called Aurichalcwn.X 

Sextus Pompeius Eestus, who abridged a work of Verrius 
Kaccus, a writer of considerable note in the time of Augustus, 
mentions cadmia, which he defines as an earth thrown upon copper, 
in order to convert it into aurichalcum.§ 

On this subject Pliny afibrds us but little information, merely 
stating where cadmia was found, and naming some of its medicinfd 
properties ; but he seems to have regarded it rather as an earth 
which gave a yellow colour to copper, than as the ore of a distinct 
metal, zinc being in no instance mentioned by him, although he 
speaks of a kind of brass which was manufactured in the Island 
of Cyprus from copper and cadmia. 

If the foregoing quotations were not sufficient to show that the 
ancients were acquainted with the art of making zinc-brass, the fact 
has been fully proved by the analyses given in a subsequent part 
of this paper, by consulting which, zinc will be found to occur some 
time previous to the Christian era, although at what precise period, 
it would be impossible to determine, without to an unreasonable 
extent multiplying the experiments. That metallic zinc, however, 

♦ Phny, xxnr. 9. + Arist. de Mirab. Op. ii. 721. % Strabo, Geo. Ixiii. 
/ "Cadmia terra quad in ees oonjioitur ub ftKt a\mc\k8i\.cnxai." — ¥q&. de yer. seq. 
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was known to the ancients, there is no evidence to prove, since the 
metal mentioned by Strabo as given out in drops from a certain 
stone when heated, could scarcely have been zinc, which would 
have been volatilized if treated in the way described, and we may 
therefore suppose, that if the stone referred to by him was an ore 
of zinc, it might also have contained some other metal, such as 
lead, with which it is often found associated, and which would 

S reduce the appearance in question. Ambrose, Bishop of Milan, 
escribes the transformation of copper into aurichalcum as being 
effected by means of a drug,* and not by the addition of another 
metal; from which we may infer he was unacquainted with the 
metallic nature of the material employed, although, from his calling 
it a drug, he was perhaps aware of its medicinal properties. 

A similar description of the manufacture of brass is given by 
Primasius, Bishop of Andrumetum, in Africa, in the sixth century, 
and by Isidorus, Bishop of Seville, in the seventh. Agricola, who 
wrote in the sixteenth century, was also ignorant that cadmia 
contained zinc, of which we have no authentic account until we 
find it mentioned by Paracelsus; and from which it is evident, 
that although the manufacture of zinc-brass is of great antiquity, 
the extraction of the metal itself is comparatively a modem 
discovery. 

Iron, the last of the six metals known to .the ancients, was not, 
in the earliest times, very extensively employed, as the primitive 
heroes are described as being armed with weapons of brass. 

Plutarch informs us that when Cimon, the son of Miltiades, 
conveyed the bones of Theseus from the Island of Scyros to Athens, 
be found interred with him, a bronze sword and a spear-head of 
the same metal. f 

Although generally used, however, brass was not universally 
employed for the manufacture of arms, as the celebrated robber, 
Periphetes, slain by Theseus, was named Korunetes (Kopw^riyc) 
from using an iron club. 

In the days of Herodotus iron must have already come into 
general use ; since, when his interpreter reads to him an inscription 
on one of the Egyptian Pyramids relative to the amount of money 
expended on radishes, onions and garlic, for the workmen employed 
in its construction, he makes the reflection, that if this were true, 
how much more must have been paid for iron tools and bread ! J 

It would again seem almost incredible that these stupendous 
structures could have been erected without the aid of steel, both 
for quarrying and shaping the stone, as well as for cutting the 
hieroglyphics so common in the earliest specimens of Egyptian 
architecture. If, then, we allow that iron tools were em!^lo^^<L\s^ 

* Amb^ in Apoo, d, f Tbe«QO. ^ HscQduTSia\«rga,'suVtV 
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building these monuments, we must suppose this metal to have 
been in common use during the reigu ot the shepherd kings who 
conquered Egypt and occupied the throne of the Pharaohs during 
some part of the interval which elapsed between the birth of 
Abraham and the captivity of Joseph.* 

In speaking of iron, Pliny says :t " After copper, comes iron, 
both the most useful and most fatal instrument of life. With iron 
man delves the earth, plants trees, prunes his orchards, trims his 
vines, cutting off the older branches, and thereby throwing more 
vigour into the grapes ; by its aid man builds houses, cuts stone, 
and prepares a thousand other implements ; but by it war, atrocity 
and villany are effected and rendered common." He also describes 
iron as occurring in almost every part of the known world, but 
particularly in the Island of Elba, where the colour of the earth 
indicated the presence of the ore. 

We are moreover informed that the ores of iron should be 
treated like those of copper, in order to extract the metal, and 
that it was a disputed point in Cappadocia, whether the principle 
of iron was aqueous or earthy in its nature, as the water of a 
certain river of that country, when thrown on the earth, produced 
iron, precisely similar to that obtained from a furnace. He then 
goes on to say, that there are two distinct kinds of forges, as some 
produce steel (nttcleits ferrt), which is best adapted for cutting- 
instruments ; whilst others shape it into instruments of common 
use, such as hammers and anvils ; but that seasoning is the most 
important and delicate part of the operation. " It is a remarkable 
fact that, in the treatment of this mineral, the metal in melting is 
at first as liquid as the most limpid water, but becomes spongy in 
getting cold."J 

Erom the extracts already quoted, it will be seen that the 
information which has come down to us relative to the metallurgy 
of the early ages, is both vague and to some extent uncertain ; as 
those who describe the materials and methods employed, have 
themselves acquired their information from others, and were, 
therefore, more subject to commit errors, than if practically 
acquainted with the subjects of which they treated. This circum- 
stance induced us to believe, that a careful analytical examination 
of such productions of the early metallurgists as have been dis- 
covered m different localities would not be without interest, and 
we therefore undertook the following series of analyses. 

Erom the advantage afforded for ascertaining dates, most of the 

* RusseU's Ifeypt, 89. f PHny, xxxiu. 14. 

t Iron in Pliny^s time was doubtless made by the direct or Catalan process, 
and the spongy appearance above described must have arisen, not from its 
oooJing; as be aeema to suppose, but from combustion of the combined carbon, 
ADd the ooDBequent conversion of the compound mto 'ma!liiQ«\>\& Vsoxu 
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analyses were executed on coins, care being first taken to well 
establish their authenticity. 

Some Celts and sword-blades were also examined. 

The analyses are placed consecutively, according to the supposed 
dates of the specimens examined. 

Analyses or Ancient Arms and Cutting Instruments. — It 
would be impossible to determine the dates of these relics of former 
times with the same accuracy with which we may ascertain the 
ages of coins ; and we shall therefore merely give the weight and 
dimensions of the various specimens which have been examined, 
and endeavour to adduce such evidence as may show their great 
antiquity, without attempting to specify the precise dates at which 
they were employed. The ancient authors who have written on 
this subject, aU agree that brass was used for the manufacture of 
arms before the discovery of iron. Lucretius says :* 

" Arma antiqua manus, ungues, dentesque j^erunt, 
Ei lapides, et item silvarum fragmina rami, 
Et flammse, atque ignes, postquam sunt cognita primum 
Posterius ferri vis est serisque reperta 
Sed prius seris erat quam ferri «ognitus usus." 

Hesiod also informs us that, " In remote ages, the earth was 
worked by brass, because iron had not been discovered." The 
Etrurians were acquainted with the use of copper, and appear to 
have used it for the purposes of agriculture at a very early period, 
as, when the boundaries of their city were marked out, it was done 
with a ploughshare of bronze.f Numerous other authorities 
might, if necessary, be quoted in support of the above statements ; 
but the opening of divers Scandinavian tumuli, of very remote 
antiquity, in Denmark, fully establishes the accuracy of these 
accounts. From these barrows have been collected specimens of 
swords, daggers, knives, and implements of industry, since pre- 
served and arranged in the Museum of Copenhagen, and among 
them are instruments of flint, resembling in their shapes, our 
wedges, axes, chisels, hammers, and knives ; which we may infer, 
from their rude workmanship, as well as from the materials of which 
they are formed, to have been the first description of edge-tools 
used by mankind for the several purposes for which they were 
adapted. Specimens of twords, daggers, and knives were also 
found, of which the blades are made of gold, whilst the cutting 
edges only are of iron. Some of these objects are composed prin- 
cipally of copper, with edges of iron ; and in the whole of them, 
the profuse application of copper and gold, in comparison with 
the parsimony evident in the expenditure of iron, seems to x^\«js^ 
that at that early, though unknown period, \io^^ %<:5^^ «sA ^<3^^<8t 

• Idb, i. 1282. \ ^ABycto\>.^\.^xm.^.^»• 
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"Were more plentiful and less highly valued than iron, among the 
now-forgotten people who manufactured these implements.* 

Although we have the best evidence for believing that copper 
and bronze were employed for the purpose of making cutting 
instruments before the discovery of iron, it would be more difl&cult 
to ascertain at what date and among what nation this metal first 
came into general use. That it was known at a very early period 
we learn from various passages in the Books of Moses ; and that it 
was used in the days of Job (about B.C. 1400) for the manufacture 
of arms, is evident from the following passage : " He shall flee from 
the iron weapon and the bow of steel shall strike him- through." t 

It is nevertheless probable that bronze might have been in 
common use long afber the discovery of the harder metal, as the 
preparation of iron must have been a very tedious and expen- 
sive operation, to a people having but a scanty knowledge of the 
metallurgic arts, and we accordingly find a kind of compromise 
between its known utility and high commercial value in the case 
above-quoted, in which the cutting edge alone is made of steel. 
At the present day, a valuable discovery made in any part of the 
world speedily becomes known and appreciated throughout its 
whole extent, but at the remote time in which iron was first 
reduced from its ore, so little communication existed between the 
various nations, that a process well known and highly valued 
by the inhabitants of one country, might be quite unheard of 
in another ; and, consequently, the uses of this metal may for 
a long time have been limited to a few districts, where accident, 
or the smelting of some other mineral, had first revealed its 
presence. In the. earliest ages of recorded history, when the world 
was divided into numerous petty states and principalities, the 
constant feuds, which were the principal occupation of mankind, 
would certainly cause a demand for arms and weapons of defence. 
Such a state of things must, however, operate most unfavourably 
on the cultivation of the arts : and it is not reasonable to suppose 
that a conquering army on entering a foreign territory would 
have leisure to acquire the arts of the conquered nation, and, 
consequently, although they might find the arms of their enemies 
«uperior to their own. they would still be ignorant of the means 
by which they were manufactured ; and thus the secret would 
remain for a long period in the possession of its first discoverers. 
At what precise epoch weapons of iron came into general use 
among the Eomans, we have not sufficient information to decide, 
but in the time of Augustus,J iron mines were worked to a 
considerable extent in the Noric Alps, and from them iron of the 
first quality was obtained. This was used for making the best 
weapons, and. hence ^' Noricus ensis,** was as much synonymous 

^ Jacob on tfaa Fn<aoa» Metals, i. 3. 'V 3ob xx. ^4. % "ft.^. %^. 
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for a good aword, as a Toledo or Andrea Ferrara blade in more 
modera times.* In this aenee it is used b^ Horace, Book I. Ode 
xvi., V. 9. At the tine in which Pliny wrote his "Hiatoria 

Natunilis," iron was almost universally employed, not only for the 
blades of swords, but also for the manufacture of the different 
cutting instruments used for the purposes of doily life, as be both 
describee the metal and the means of forging it, and also refers to 
the difficulty of tempering steel in order to give it the requisite 
degree of hardness. 

From these considerations, it is evident that the Tarious weapons 
of bronze must be of great antiquity, since iron was in common 
nee prior to the Christian era, and we have therefore placed the 
anfdyaes of these instruments in a part of the series which 
corresponds to that period, notwithstanding that in all probability 
some of them may belong to a much earlier date. 
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In addition to the foregoing analyses, the following estimations 
of silver were made by direct cupellation : — 



Coin. 


Legend. 


Weight of 
coin. 


Percentage 

amount of 

silver. 


Aurelian 


Bestituti orbis 


grs. 
57-2 
50-5 
64-6 
64-0 
61-4 
38-0 
36-7 
31-5 
44-0 
52-4 
33-8 
43.7 


2-90 
2-96 
4-37 
6-80 
4-90 
2-20 
1-10 
•38 
•41 
2-32 
2-25 
515 


Fortuna redux 


it *• 

Severina 


Providentia Deonim 




Concordia militum 


>f ......••• ••••• 

Tacitus 


Libertas Au£r : 


Victorinus, Sen. 


Pax Awg '. , . r . . . . . 




Providentia Aufir : 


it ft 

Tetrius. Jun 


Pietas Aui? : 






i» it * • 

Ouintillus 


ft ft 

Fidftfl Tnilitmn---, . . x . 






ft • 

Afarius 


tt ft 
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It will be seen from the foregoing analyses that the metals 
entering into the composition of the brass of the earliest ages 
were copper, tin and lead, although the latter seldom occurs in 
any considerable quantity, except in the oldest specimens, and in 
many even of these, particularly in the early Macedonian coins, it 
is entirely wanting. The iron, cobalt and nickel, together with 
traces of sulphur, which sometimes occur, are evidently too small 
in quantity to have been intentionally added to the mixture, 
and consequently their presence must be rather ascribed to the 
localities from which the ancients drew their supply of ore, and 
the imperfect methods employed for their reduction, than to any 
design on the part of the artists. The cutting instruments which 
have been examined are uniformly composed of copper and tin, 
with the occasional admixture of a small quantity of lead, which 
was probably added for the purpose of communicating a certain 
degree of toughness to the alloy, and it is also remarkable that the 
proportion of tin to that of copper, both in the celts and sword- 
blades, is very nearly as one to ten. 

Zinc first makes its appearance a short time previous to the 
Christian era, and is continued in all the subsequent coins, 
although occasionally associated with lead and tin, until it almost 
entirely disappears in the small brass of the period of the Thirty 
Tyrants, when its place is supplied by a quantity of silver, varying 
from 0*76 to nearly 8 per cent., and which may perhaps have 
been intentionally added for the purpose of increasing the value 
of the metal. 
In speaking of these coins, Pinkerton xemotVL^'. "\>i m^^^^ \>^ 
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proper to observe, before leaving this part of my subject, that the 
metal used in the Parts of the Assarion, or in the small brass 
coins, is, as may be supposed, very little attended to by the ancients. 
In those of the first emperors, yellow brass is sometimes employed, 
but it is always of a refuse, or bad kind ; as in the Semis of Nero, 
for instance, Genio Atgvsti. But copper is the general metal 
used in parts of the As, from the earliest times down to the latest ; 
and if sometimes brass be employed, it is never such as appears 
in the Sestertii and Dupondiarii, which is very fine and beautiful ; 
but only the refuse. Yellow brass of the right sort seems to have 
totally ceased in the Eoman coinage, with the Sestertius, under 
Q-allienus ; though a few small coins of very bad metal, of that hue, 
appear so late as Julian II."* 

On referring to the table of analyses, we shall, however, perceive, 
that although the results obtained seem to confirm the assertions 
made relative to yellow brass, in the above quotation, yet that in 
no one instance has a coin been found to consist of copper alone ; 
and the only case in which this metal proved to be unalloyed, 
was in a spear-head found in Ireland. The largest proportion of 
lead occurs in the ancient Boman As, and its parts, in which it 
was probably employed for the purpose of rendering the alloy of 
which they consist easily fusible ; for these coins being originally 
cast, and not stamped like other money, a metal melting at a low 
temperature would materially facilitate this operation. 

The later coins, containing a large proportion of tin, seem to 
have been struck whilst the metal was still warm, as it would be 
impossible to obtain such sharp impressions as they usually bear, 
by the force of any blow applied on a metal so very hard and 
brittle, at ordinary temperatures. 

With respect to the furnaces employed by the ancients, little 
information can be obtained, as these arts were formerly either 
held as secrets by a few individuals, who made a mystery of their 
operations, or they were too much despised by ancient authors to 
afford them a subject for their writings ; and we are consequently 
more indebted for our scanty knowledge of ancient metallurgy 
to the vestiges of primitive foundries, which have occasionaUy 
been brought to light in various parts of the world, than to any 
accounts which may have been transmitted to us from those remote 
times. 

The first method of smelting ores, doubtless consisted in placing 
the mineral in heaps, together with several successive layers of 
wood, which being kindled, first roasted, and then reduced a portion 
of the material with which it was mixed. In Macedonia, where 

* Vol. i. 1^6, 
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lead mines were worked in the time of Philip, the father of 
Alexander, large heaps of slag are found so far above the leyel <^ 
the rivers of the ooontrj, that the furnaces in which they were 

groduced must have been worked either by bellows moved by 
nnfan labour, or by the force of the prevailing winds alone.* 
We are also told, that the Peruvians were in the habit of melting 
their ores by the simple application of fire, or, when they were of 
a very refractory nature, by means of furnaces so constructed on 
high ground as to yield a draught without the aid of bellows, ft 
machine with which they were totally unacquainted.f 

The boles of Derbyshire, many of which, from the pigs of 
Boman lead found in their vicinity, may be presumed to be of great 
antiquity, were worked in a nearly similar manner, and continued 
to be thus carried on during several centuries, as this method of 
smelting was, according to Childrey, not quite extinct in the 
seventeenth century, who, in speaking of the Peak, says : '' The 
lead-stones in the Peak lie but just within the ground, next to the 
upper crust of the earth. They melt the lead on the top of the 
hills that lie open to the west wind ; making their fires to melt it 
as soon as the west wind begins to blow, which wind, by long 
experience, they find to hold longest of all others. But, for what 
reason I know not, since I should think lead were the easiest of aU 
metals to melt, they make their fires extraordinary great.'*:]: 

Discoveries made by various travellers in Russia, during the 
last century, throw considerable light on the subject of mining 
and metallurgy as anciently practised in that part of the world. 
The remains of numerous mines have been traced by Gmelin, 
Lepechin and Pallas, on the southern and eastern borders of the 
Ural Mountains ; and in them were found hammers and chisels 
of copper, as well as various instruments of the same metal, of 
which the uses are at present unknown. From the absence of 
any remains of masonry in the neighbourhood, these excavations 
are inferred to have been made by a nomadic people, probably the 
Scythians ; and from no iron tools having been found in any of 
them, we may conclude that these operations were carried on 
before the conquest of Siberia by the Tartars, who effected the 
subjugation of that part of Asia, about 160 years before our era.§ 
Sledges made of large stones, to which handles had been attached, 
were also discovered, together with boars' fangs, with which the 
ffold appears to have been collected, and leathern bags or pockets 
m which it was preserved. With such imperfect tools, toe pro- 
gress made must necessarily have been exceedingly slow, and in one 

* Watson's Chemical Essa3r8y iii. 266. 

f JJonso Earba. — ^Treatise on Metals, French translation, i. 272. 
t Childrey B Britain, 1661. I Biitoke Q4ii4alo^qvie des Tartares. 
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instance, after reaching a band of rock, and penetrating it for a 
short distance, the miners seem to have lost patience and aban- 
doned the works. The pits or shafts are well made, about seven 
feet in diameter, and of a circular form, some of them being twenty- 
fathoms in depth. The passages are also well executed, but so low 
and narrow, that they could only have been excavated with the 
greatest difficulty to the workmen. The ores, when extracted, 
were carried to the nearest rivulet for the purpose of being crushed 
and washed, which operations were probably dispensed with in the 
richer varieties, which were sometimes melted in the mines them- 
selves ; metallic copper, together with slag, and the tools employed 
in melting and refining, having been found in some of them. 

Lumps of copper, containing no traces of gold, have also been 
discovered, although the copper ores of the district are found 
associated with that metal, and it is therefore evident that the 
ancient people who worked these mines were acquainted with a 
method of refining gold. 

The smelting was effected in small furnaces made of red bricks, 
and of which Gmelin found nearly a thousand in the eastern parts 
of Siberia. The height and breadth of these were about two feet, 
and the width three. They were also furnished with holes in two 
of their opposite sides, the one for the introduction of bellows, 
and the other for the escape of the metal and slags. In the neigh- 
bourhood of the furnaces were found large quantities of broken 
pottery, together with numerous heaps of slorisB, which indicate 
that operations to a very considerable extent have at some period 
been carried on in that locality. 

Gmelin likewise found in the same district the remains of 
various furnaces which had been employed for the extraction of 
silver, and remarked that the lead with which it was associated 
had been thrown away in the scorisB, whilst tlie whole of the silver 
was carefully extracted. By what means this was effected, in this 
particular case, is of course now impossible to say, although it is 
nighly probable that cupellation in some form was resorted to. 
Diodorus (iii. 14) informs us, that gold was purified by being 
melted and heated in earthen pots, together with an alloy of tin 
and lead, to which salt and barley-bran were added, and that the 
fire was kept up during five successive days. Another ancient 
author* states, that gold was melted by a gentle fire, with the 
addition of salt, nitre, and alum, and that the same process was 
employed for refining silver. It is, however, difficult to under- 
stand what action these substances, with the exception of the 
nitre, could have on the purification of silver and gold, and we may 

* Hippocrates de Bieeta, V^%, 
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therefore conclude, that the action of the air was, after all, the 
chief means of oxidation employed.* 

In Britain, silver mines were worked before the invasion of the 
island by the Eomans, and gold must also have been well known 
to the inhabitants before the arrival of CsBsar, since coins of that 
metal were in circulation among them. CsBsar and Strabo both state 
that the Britons obtained their copper from foreign countries, and 
we may hence infer that the art of refining this metal was either 
unknown or little cultivated by our forefathers at that remote 
period. Iron is described by CsBsar as being so rare, that pieces of 
it were sometimes used as a medium of exchange, and almost as 
highly valued as gold; but a century afterwards it had become 
very common, as in Strabo's time it was an article of exportation.f 
"Tin was anciently the most celebrated product of Britain, and 
appears even at that time to have been extracted in considerable 
-abundance, since it was the desire of obtaining possession of these 
mines, and becoming thereby independent of the Phoenician 
monopoly, which first induced the Romans to visit the island. 
Before the conquest of their country, the ancient Britons extracted 
'this metal from its ores by methods which they had themselves 
discovered, and which were probably improved on by their con- 
'querors.f The smelting process would seem to have been very 
simply conducted. The broken ore was placed in a hole in the 
ground, the sides of which were lined with pieces of wood ; these, 
on being ignited, recfciced the metal, which was separated from the 
•slags by being run oflT through a narrow channel into an outer 
receptacle. Many of these rude furnaces have been found in 
Tarious parts of Cornwall and elsewhere, in which not only 
<5harcoal and slags have been discovered, but also portions of the 
reduced metal, which in many instances had, from long exposure 
'to oxidising influences, again become partially converted into tin 
ore. This very rude method must, in some cases, have been 
fittended with considerable success, as the slags resulting from it 
<often prove on examination to contain but a small amount of metal.§ 

Prom these and many other relics which have been met with in 
different parts of the world, we may infer, tliat although the arts of 
extracting minerals and working the metals were carried on fd^merly 
on a much smaller scale than at the present day, the operations of 
the oariy metallurgists were tolerably successful, and that, in spite 
of the rude apparatus which they employed, the results obtained 
by them were generally of a satisfactory nature. 

That a grest degree of attention was at a very early period be- 

* The nitre of the ancients was probably carbonate of soda. 
f Strabo, iv. 805. ' X Sbtabo, i. § Pennant, i. 68. 
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stowed on the manufacture of allocs destined for particular purposes, 
is proved by the uniform composition of the several cutting instru- 
ments examined ; although it is evident that but little care was 
taken to obtain a correct standard for the earlv brass money, as 
many pieces of nearly the same date, and of similar value, differ 
materially in the amounts of the metals of which they consist. 

One of the oldest mines in Europe, producing copper in compara- 
tively modem times, is that of Eammelsberg, near Goslar, in 
Lower Saxony, the records of which have been traced back to the 
tenth century. The celebrated Swedish mine of Fahlun, com- 
menced in the twelfth century, first entered into competition with 
Bammelsberg, and yielded large quantities of copper ores. The 
mines of Thuringia were opened at the commencement of the 
thirteenth century, and, together with others of less note situated 
in different parts of Germany and Sweden, supplied during the 
succeeding three hundred years the wants of a great portion of the 
civilised world. 

In the thirteenth century Cumberland is known to have produced 
copper ; since it appears, from records still preserved, that at New- 
lands, near Keswick, rich veins of this ore were worked in the 
year 1250. It is also further evident, from a charter granted by 
Edward IV., a.d. 1470, to the town of Keswick, that it was at 
that period the seat of extensive copper works. In Camden's 
time these works were re-opened, but afterwards " destroyed, and 
the miners killed in the civil wars." 

In the reigns of Henry VIII. and Edward VI.* several Acts 
of Parliament were passed, prohibiting the exportation of copper, 
brass, latten, bell-metal, gun-metal, &c. <&c., under penalty of for- 
feiting double the value of the metal exported. The reasons 
assigned being *' lest there should not be left metal enough in the 
kingdom for making guns and other engines of war, nor for house- 
hold utensils." t 

Copper was also produced in considerable abundance at Ecton 
Hill, in Staffordshire, previous to its discovery in Cornwall ; since 
Dr. Pot, who wrote in 1686, speaks of the copper mines having 
been wrought long previous to that date. 

The Pary's mine in Anglesea is believed to have been first 
opened by the Eomans, and became exceedingly productive about 
the year 1773, and, during the twelve years from that date to 
1785, produced such large quantities of copper as to reduce in 
a very considerable degree the price of that metal throughout 
Europe. Subsequently to this date, the produce of the Anglesea 
mines began rapidly to decline, and in 1799 the Pary's Mountain 

* Watson's Chemical Essays, iv. 6, t ^1 ^«w^ ^^"^^ *U^^* 
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had become almost exhausted, and the price of copper was again 
raised to £128 per ton. 

A work entitled "A Just and True Eemonstrance of His 
Majesties Mines-Royall to his Majestic," published in 1641, 
affords a good idea of the state of lead mining in this country at 
that time. This little volume consists of a series of letters, or 
rather memorials, addressed to the King (Charles I.), the Prince 
of Wales (afterwards Charies II.), and to the Privy Council, 
by Mr. Bushell and ofchers interested in the " Mines-Eoyall " of 
C&rdiganshire, praying for the extension of the lease, the employ- 
ment of convicts in the mines, and the liberty of cutting peat and 
turf for the purpose of smelting the ores i*aised. 

When speaking of the reasons which induced him to undertake 
these mines, Mr. Bushell says : — " That which first wrought in me 
a desire to try and fathom those mines, was a sensible discourse 
delivered me by a Portugallfia presence of Sir Prancis Godolphin, 
(by whose death I lost the hope of a most knowing partner,) who 
had been for many years imployed under the King of Spaine in his 
West Indian Mines, purporting that if his Master were Soveraine 
Lord of those Brittish hils, as is your Majestic, he would not 
doubt but to make them a second Indies, and affirming with deepe 
protestations, that the greatest riches in those mountaines lay in 
their lowest levels, which I finde to be true by laborious experi- 
ment, in those five mountaines ; for by this way of working, and 
driving through the depth of rocks, we are not only freed from 
the danger and deluge of waters, but also have discovered an 
increase of rich veines in quantity and qualitie, some containing 
twentie pound, some fifteene, some tenne, and some six in silver, 
in the tunne of lead upon the great test, which are answerable 
to most of the mines of the Bang of Spaine, the Emperour of 
Germany, and the Duke of Saxony ; moreover we find that by 
mixing and smelting these severall veines together, the one proves 
a good additament to the other, and becomes thereby a meanes to 
advance the Mines-Eoyall, and in them the good of your kingdome 
and subjects." 

He subsequently goes on to say : — " And as I am bound to give 
to CcBsar that which is Ocesar's, I must further humbly acknowledge 
your Majesties large addition to your former royall favours in 
granting mee (the meanest of your creatures) liberty to give your 
Majesties impression to such silver as the mole-like miners cast 
out of the earth, for their speedier payment, for they are the men 
who make the rocks their resting-place, and expect no other reward 
or benefit for their sweaty browes then what they gaiue from out 
of the darke cavemes of the earth by barmlesse and importunate 
Jabour;" 
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In the memorial praying the employment of convicts in mines, 
Mr. Bushell enumerates several precedents, both in England and 
foreign countries, of such persons being condemned to labour for 
the public good, and " especially for the enlargement of his (the 
King of Spain's) Indian mines of gold, silver, quicksilver, and 
the like." 

On the use of peat and peat-charcoal for the purpose of smelting, 
Mr. Bushell makes the following observations : — " Tor futthering 
and facilitating of which worke I caused a meeting of Smelters, 
Refiners^ and Monyers, to consult and try whether fuel of turfe 
would separate the oare, extract the silver, and reduce litharge, as 
well as the vast expence of whole forrests of woods formerly 
consumed for that purpose ; and upon an exact triall made thereof, 
by altering the earthy substance turfe into charkie cyndars, we 
found by infallible experience, that your Majesties Turffaries will 
furnish your Mines-Moyall with fuel to all future ages." 

The following is given as " The declaration of learned Lawyers 
what a Mine-Koyall is, according to former presidents," and is 
signed by Sir Ealph Whitfield, " His Majesties Sergeant-at-Law," 
and about thirty other lawyers of the day : — " Although the gold 
or silver contained in the base mettall of a mine, in the lands of 
a subject be of lesse valew then the baser metall, yet if the gold 
or silver doe countervaile the charge of the refining, or be of more 
worth than the base mettall spent in refining it, this is a Mine- 
Moyall, and as well the base mettall, as the gold and silver in it, 
belong by prerogative to the Crowne." 

Sir John Pettus, who published his " PodinsB Eegales" in 1670, 
remarks, while treating of the mines of Cardiganshire :* " The chief 
mines which produce silver now in working (though not efibctually) 
are those at Coomsumblock, and the Darren Hills, Cogincan, 
Tallabont, Coomustwith, Tredole, Thruscott, and Eossevawre, which 
were the old Boman works, near to which are conveniently placed 
the smelting and refining mills, which therefore are called the 
silver mills, all which are in the township of Skibery Coed in the 
parish of Llanny HangeU Genne Glyme, and in the county of 
Cardigan, alias Shire Abertivy." 

These five great works were wrought for many years with the 
joint-stock of the first incorporators, under the conduct of them- 
selves; but afterwards Sir Hugh Middleton undertook those in 
Cardiganshire, paying £400 per annum rent to the society, and 
he cleared monthly the sum of £2000, and had he not diverted 
his gains to the making of the new river from Ware to London, 
certainly he would have been master of a mass of wealth ; but 
great wits and purses seldom know how to give bounds to tV^<^\s. 

* Chap. zziv. p. IS. 
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designs, and, by undertaking too many things, fail in all. And we 
may further 'give credit to the beneficialness of those mines, when, 
as Mr. Thomas Bushell, by his knowledge and ingenuity to work 
them to the best advantage, did find business enough there for a 
mint, and with the product thereof made provision for the clothing 
of the late King's whole armjr." 

In speaking of the tin mmes of Cornwall, Camden makes the 
following observations :* " After the comming in of the Normans, 
the Earles of Comwal gathered great riches out of these mines, 
and especially Eichard, brother to King Henrie the Third : and 
no marvell, sith that in those daies Europe had tinne from no other 
place ; for the incursions of the Mores had stopped up the tinne 
mines of Spaine, and as for the tinne veines in Germanie, which 
are in Misnia and Bohemia, they were not as yet knowen, and 
those verily not discovered before the yeere afber Christ's nativitie 
1240. Por then (as a writer of that age recordeth) was tinne 
mettall found in Germanie, hy a certain Gomishman driven out of 
his native soile, to the great losse and hindrance of Richard, JEarle 
of Gornwal, This Richard began to make ordinances for these tin 
works, and afterward Edmund his sonne granted a charter and 
certain liberties, and withall prescribed certaine lawes concerning 
the same, which he ratified or strengthened under his scale, and 
imposed a tribute or rent upon tinne to be answered unto the Earls. 

" These liberties, priviledges, and lawes, King Edward the Third 
did afterwards confirme and augment. The whole commonwealth 
of those tinners and workmen, as it were one bodie, hee divided 
into four quarters, which of the places they call Foy-more, Blacks 
more, Trewarnaile, and Fenwith, Over them all he ordained a 
warden, called Lord Warden of the Stanniers, of Stannum, that is, 
Tinne ; who giveth judgement as well according to equitie and con- 
science as law, and appointed to every quarter their stewards, who 
once every iij. weeks (every one in his severall quarter) minister 
justice in causes personaU between Tinner and Tinner, and between 
Tinner and Eorrainer, except in causes of land, life, or member, — 
Erom whom there lieth an appeal e to the Lord Warden, from him 
to the Duke, from the Duke to the King. In matters of moment, 
there are by the Warden generall parliaments or severall assem- 
blies summoned, whereunto jurats are sent out of every Stannarie, 
whose constitutions do bind them. As for those that deale with 
tinne, they are of foure sorts : the owners of the soile, the adven- 
turers, the merchants, or regraters, and the laborers, called the 
Spadiards (of their spade) who, poore men, are pitifully out-eaten 
by usurious contracts." 

In the reign of King John, the production of tin in the county 

* Camden's Britamua, p. 1^5, C. 
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of Cornwall was so small that the farms of that mineral yielded no 
more than 100 marks per annum, according to which valuation 
the Bishop of Exeter received, in lieu of his tenth part, the sum 
of £6 ISs, 4id.y while those in Devonshire at the same period 
amounted to £100 per annum. 

Although tin mining appears to have been extensively carried 
on from the earliest period of our history, it is nevertheless evident, 
from the following account given by Carew of the method of dressing 
tin ore in the reign of Queen Elizabeth, that but few refinements 
had been introduced into this branch of industry at that time :* — 
" As much almost dooth it exceede credite, that the tynne, for and 
in so small quantitie digged vp with so great toyle, and passing 
afterwards thorow the managing of so many hands, ere it come to 
sale, should be any way able to acquite the cost ; for being once 
brought aboue ground in the stone, it is first broken in peeces 
with hammers, and then carryed, either in waynes or on horses 
backs, to a stamping-mill, where three, and in some places sixe, 
great logges of timber, bounde at the ends with yron, and lifted vp 
and downe by a wheele driven with the water, doe break it smaller. 
The stream, after it hath forsaken the mill, is made to fall by 
certaine degrees, one somwhat distant from another, vpon each of 
which, at every discent, lyeth a green turfe, three or four foot 
square, and one foot thicke. On this the tynner layeth a certayne 
portion of the sandie tynne, and with his shuell softly tosseth the 
same to and fro, that through thus stirring the water which runneth 
ovewjt, may wash away the light earth from the tynne, which, of 
a heauier substance, lyeth fast on the turfe. Hauing so cleansed 
one portion, he setteth the same aside, and beginneth with 
another, vntill his labour take end with his taske. After it 
is thus washed, they put the remnant into a wooden dish, broad, 
flat, and round, being about two foote ouer, and having two 
handles fastened at the sides, by which they softly shogge the 
same to and fro in the water between their legges, as they sit ouer 
it, until! whatsoever of the earthie substance that was left be 
flited away. Some of later time, with a sleighter inuention and 
lighter labour, doe cause certayne boyes to stir it vp and down 
with their feete, which worketh the same effect: the residue, 
after this often cleansing, they calle black tynne. But sithence I 
gathered sticks to the builaing of this poor nest. Sir Erancis 
Godolphin entertained a Duch mynerall-man, and, taking light 
from his experience, but building thereon farre more profitable con- 
clusions of his owne inuention, hath practised a more saving way 
in these matters, and, besides, made tynne with good profit of 
that refuse which tynners rejected as nothing worth." 

• CareVs Survey, p. 11. 
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In the year 1693, in consequence of a fall in the price of tin, the 
tinners of the counties of Cornwall and Devon published a pro- 
posal for the redress of their grievances, and the raising of the price 
of that metal. This document, after setting forth the various 
means bj which the object is to be attained, concludes with the 
following appeal to the king and nation : — 

" Henry the Eighth of this great nation, 
Began the famous Reformation, 
His daughter, Queen Elizabeth, 
Finisht the second ere her death ; 
And now the King is almost rife 
To cut the third out to the life, 
And raise the nation to that stature 
For which it was cut out by nature, 
And 'twas the nature of our white tin, 
From whence it hath the name of Britain." 

Pryce, who wrote in 1778, describes the various methods of 
treating tin ores then employed, and which very closely resemble 
— exception made of certain mechanical appliances — those now in 
use. He, however, very properly remarks that " the mode of 
dressing tin and its leavings are too numerous to lay before the 
reader without danger of prolixity. All of them depend upon the 
difference of the kinds of tin in the stone, and must be dealt with, 
agreeable to the judgment of the several manufacturers. So much 
depends upon the skill of a dresser, that one may save one-twelfth 
part of a batch of tin, which another for want of equal knowledge 
may cast away in waste, or perhaps take up so much waste wfth it 
as to depreciate the value of the whole by two parts in twenty. 
Nevertheless, all the dressers save the hinder stuff from the frame 
end, as it washes off in a pit, by the name of catchers, which 'is 
expressive enough ; and likewise the mud at the trunk ends, by 
the other name of loobs, both of which are denominated the loobs, 
after leavings, or leavings of leavings. These are wrought over 
in the same manner as the former, mostly upon tribute, by an 
aged workman and a few little boys in the summer months, when 
they can stand out in good weather, and do a long day's easy 
labour. The tribute paid by the undertaker is one-third of the 
produce in white tin ; the other two-thirds he has for himself to 
pay his cost and charges,"* 

The smelting of tin ores in Cornwall appears to have been 
anciently conducted in furnaces scooped out of the ground, and in 
which a mixture of black tin and charcoal was employed, the heat 
being kept up by means of a blast supplied by the aid of rude 
bellows. 

Eemains of ancient establishments of this kind are frequently 

* Fryce, ^9. 
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met with in yarious parts of the country, and are known by the 
name of " Jews' Houses." Not long since a relic of this descrip- 
tion was foimd buried beneath a stratum of peat, twelve feet m 
thickness, at Eedmoor, in the parish of Luxillian. At this place, 
in addition to a considerable amount of metallic tin, more or less 
oxidised on the exterior, large quantities of imperfectly fused 
scoriae, mixed with imbedded charcoal and metallic globules, were 
discovered. A Eomano-British fibula, some stone arrow-heads, a 
fragment of an earthen tuyere, and numerous blocks of peat, 
which had evidently been collected for the purpose of being em- 
ployed as fuel, and subsequently covered by a deposit of the same 
material, were also found. 

Another ancient smelting-house found in the same neighbour- 
hood was probably of a more recent date ; since not only were 
portions of the stonework of the furnace still in situ, but the slags 
were more completely fused, and entirely free from metallic 
globules. These slags presented the appearance of thin fragments 
of bottle-glass, and were found on analysis to have the foUowing 
composition : — 

Akaltsis on 100 Pabts. 

SiHca 40-60 

Alumina 19-22 

Oxide of tin 22-95 

Protoxide of iron 7-31 

Sulphide of iron 9-04 

Lime Traces 

Potash 1-00 



100-12 



In this place were discovered fragments of tobacco-pipes, and a 
silver coin of Charles I. 

Previous to the time of Charles I. no attempt had been made to 
effect the smelting of tin by means of pit-coal ; but at this period 
some unsuccessful experiments were undertaken by Sir Beville 
GrenviUe, of Stow, in Cornwall : no satisfactory results were, how- 
ever obtained until the second year of the reign of Queen Anne, 
when a Mr. Liddell, with whom was associated a Mr. Moult, cele- 
brated for his knowledge of chemistry, obtained letters patent for 
the reduction of tin ores by the use of fossil-fuel in a blast fur- 
nace. The invention of the reverberatory fuftiace soon followed this 
discovery. This apparatus, slightly modified in form and dimen- 
sions, is employed Dy the tin-smelters of the present da.^ . 

Coal was not generally employed aa fuel \iat^>ii[V!b\)^^5ss^a^^'^ 
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the reign of Charles I. It is, however, mentioned in documents 
anterior to the reign of Henry III. ; for that monarch, in the year 
1284, renewed a charter granted by his father to the inhabitants 
of Newcastle, who were permitted to dig for coal upon paying a 
yearly tax of £100. That fossil fuel had been introduced into 
liondon before 1306, is proved by the fact that in that year its use 
was prohibited, from the supposed tendency of its smoke to corrupt 
the atmosphere. 

The coal-fields at Colliery, near Lanchester, were first opened in 
the year 1330 ; those at Merrington and Perry Hill in 1343 ; and 
those of Gateshead, Wickham, and Tynemouth in 1500. 

In 1625, a patent was granted by James VI. of Scotland to Mr. 
!Elamsey for machinery to be employed in draining collieries by water- 
power. Grey, in his " Chronographia," published in 1649, says ; — 

" Some South gentlemen, upon hope of benefit, came into this 
county (Durham) to hazard their monies in coal mines. Mr. 
Beaumont, a gentleman of great ingenuity and rare parts, adven- 
tured into our mines with his £30,000, who brought with him 
many rare engines not known then in these parts, as the art to 
bore with rods, to try the deepness and thickness of the coal, rare 
engines to draw water out of the pits, waggons with one horse to 
draw coal from the pits to the staiths, to the river, &c. Within a 
few years he consumed all his money, and rode home upon his 
light horse." 

" Now the trade of coal began not past fourscore years since. 
Coals in former times were only used by smiths, and for burning 
lime. Notwithstanding this, it appears that in 1602 the trade 
had arrived at such an extent as to occupy twenty-eight acting 
fitters, or hostmen, who were to vend by the year nine thousand and 
eighty tons of coals, and find eighty- five keels for that purpose." . 

" In the year 1600, among other regulations made at a Courte 
of the Hostman's Company at Newcastle, wains were ordered to be 
all measured and marked ; for it appears that * for time out of 
mind yt hath been accustomed that all cole wains did usuallie carry 
and bring eighte boules of coles to all the staiths upon the ryver 
of Tyne ; but of late several had brought only or scarce seven 
boules.' The same record mentions * two small maunds or pannyers, 
holdinge two or three pecks a-piece.J " 

From the foregoing paragraphs it appears that coals were in 
those days not only carried in carts along ordinary roads, but also 
on the backs of horses. Amongst the rare engines introduced by 
"Master Beaumont" into the coal trade, were, " waggons with 
one horse to carry down coales from the pits to the staiths, to the 
river." They are thus described by Lord Keeper Guilford: — 
''The maimer of the carriage is by laying rails of timber from the 
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colliery down to the river, exactly straight and parallel, and bulky 
carts are made with four rollers fitting these rails, whereby the 
carriage is so easy that one horse wiU draw down four or five 
chaldrons of coals, and is an immense benefit to the coal 
merchants." 

In 1676, Lumley Colliery, as well as the collieries of Heaton 
and Jesmond, had chain pumps worked by water-wheels. The 
earliest mention of a steam-eugine for mining purposes is at the 
colliery of Griff, near Coventry, in the year 1711 ; and in the fol- 
lowing year, Newcom en and Crawley contracted to pump water by 
this means, for Mr. Black, of Wolverhampton. Mr Bald, in his 
" Coal Trade of Scotland," published in 1812, says, that in 1690, 
water-wheels and chains of buckets were commonly employed to 
drain the collieries in that country. The axle of the wheel 
extended across the pit's mouth, and small carriers were fixed 
upon it to receive endless chains, consisting of two or three 
tiers, which reached down to the coal. To these chains were 
attached wooden buckets or troughs in a horizontal position, which 
circulated with the chains, ascending on one side, and descending 
on the other, filling at the bottom, and discharging at the top, as 
they turned over the wheels on the great axletree. This apparatus 
was subject to the inconvenience that, whenever a joint gave way, 
the whole set of chains fell to the bottom, every bucket being 
splintered to pieces by the fall. When water could not be pro- 
cured, the same sort oi machinery upon a smaller scale was worked 
by horses. 

In 1708, windmills were erected to work pumps in several 
collieries in Scotland ; but, being ineffective in calm weather, their 
application was very limited. 

In 1709, John, Earl of Mar, who paid great attention to the 
improvement of his collieries in Clackmannanshire, sent the 
manager of his works to Newcastle to inspect the machinery of 
that district. From the report of this gentleman, it appears that 
the machines there in use were water-wheels, and horse-engines, 
furnished with chain-pumps : the common depth of the pits being 
from twenty to thirty fathoms, whilst a few were from fifty to 
sixty fathoms deep. 

When it was found requisite to draw water from the depth of thirty 
fathoms, two pits were usually sunk. The first of these was made 
thirty fathoms deep ; and the other only half that depth. One 
machine drew the water half-way up the deeper pit, where it was 
poured into a level communicating with the bottom of the other ; 
from this the water was raised to the surface by another machine. 
In deep mines, a third pit with a third macVvVxi© ^^"^ x«?tfyt\fc^ \si* 
In Scotland, bowever, at the same time, tla© mwJcoDkEr^ ^to^^"^^^ 
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was more powerful, since water was raised at once &om the depth 
of forty fathoms, by a chain of buckets as before described. 

The first steam-engine erected near Newcastle, was put up at 
Byker, in 1714, by the son of a Swedish nobleman, wno taught 
mathematics. These engines were worked by atmospheric pres- 
sure above the piston, whilst the vacuum beneath was created by 
the injection of water into the cylinder ; the alternate movements 
were executed by the hand of an attendant, until the year 1718, 
when a Mr. Beighton invented a method of performing this 
operation by means of the engine itself.* 

The history of mining: in this country is intimately connected 
with that of the 8team!engine ; and we inTamblj fi^d that the 
mining districts have been the fields of operation for the in- 
ventors and early improvers of this machine. In this way, mining 
has not only been vastly benefited by the application of steam power, 
but, on the other hand, has itself in a great degree contributed to 
produce the present high state of perfection to which this machine 
has been brought. The old atmospheric engine was capable of 
raising 5,000,000 lbs. of water one foot high, by the expendi- 
ture of one bushel of coal. In 1776, Watts* improved engine 
yielded an average of 18,900,000. In 1800, the duty had been raised 
to 20,000,000. In 1820, the average duty of thirty-seven Cornish 
engines was 28,736,398. In 1828, the fifty-four engines reported 
afforded an average duty of 37,000,OOO.t The total number of 
engines reported in 1856 was forty-six ; and their mean duty, 
44,650,000. Of these machines some are known to have performed 
more than 100,000,000 ; and still better results may doubtless be 
obtained by the employment of high-pressure condensing engines, 
and a greater length of stroke in the cylinder. 

Systematic explorations for copper were probably commenced in 
Cornwall about the year 1700. At first the annual amount of ore 
was very limited, since several causes operated to check the exten- 
sion of this branch of mining industry. The machinery employed 
was ineffective, and totally unfitted for mastering large quantities 
of water at considerable depths. The royalties, or lords* dues, were 
also usually exorbitant — one-sixth, one-seventh, and even one- 
eighth the total produce. The smelters, moreover, compelled the 
miner to accept such a price for his ore as they might choose to 
impose. With the improvement of pumping machinery and the 
adoption of more liberal royalties, the annual yield of copper ores 
in Cornwall and Devon has now reached 195,400 tons, and it may 
.be confidently anticipated that this quantity will steadily increase. 
Sit is somewhat curious to notice the opinions which have been 

* "Winning' and Working of CoUieries" by M. Dunn, p. 24. 
f " SnajWs Eecords of Miniag;' p. 15^. 
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colliery down to the river, exactly straight and parallel, and bulky 
carts are made with four rollers fitting these rails, whereby the 
carriage is so easy that one horse wm draw down four or five 
chaldrons of coals, and is an immense benefit to the coal 
merchants." 

In 1676, Lumley Colliery, as well as the collieries of Heaton 
and Jesmond, had chain pumps worked by water-wheels. The 
earliest mention of a steam-engine for mining purposes is at the 
colliery of Griff, near Coventry, in the year 1711 ; and in the fol- 
lowing year, Newcomen and Crawley contracted to pump water by 
this means, for Mr. Black, of Wolverhampton. Mr Bald, in his 
« Coal Trade of Scotland," published in 1812, says, that in 1690, 
water-wheels and chains of buckets were commouly employed to 
drain the collieries in that country. The axle of the wheel 
extended across the pit's mouth, and small carriers were fixed 
upon it to receive endless chains, consisting of two or three 
tiers, which reached down to the coal. To these chains were 
attached wooden buckets or troughs in a horizontal position, which 
circulated with the chains, ascending on one side, and descending 
on the other, filling at the bottom, and discharging at the top, as 
they turned over the wheels on the great axletree. This apparatus 
was subject to the inconvenience that, whenever a joint gave way, 
the whole set of chains fell to the bottom, every bucket being 
splintered to pieces by the fall. When water could not be pro- 
cured, the same sort of machinery upon a smaller scale was worked 
by horses. 

In 1708, windmills were erected to work pumps in several 
collieries in Scotland ; but, being ineffective in calm weather, their 
application was very limited. 

In 1709, John, Earl of Mar, who paid great attention to the 
improvement of his collieries in Clackmannanshire, sent the 
manager of his works to Newcastle to inspect the machinery of 
that district. From the report of this gentleman, it appears that 
the machines there in use were water-wheels, and horse-engines, 
furnished with chain-pumps : the common depth of the pits being 
from twenty to thirty fathoms, whilst a few were from fifty to 
sixty fathoms deep. 

When it was found requisite to draw water from the depth of thirty 
fathoms, two pits were usually sunk. The first of these was made 
thirty fathoms deep ; and the other only half that depth. One 
machine drew the water half-way up the deeper pit, where it was 
poured into a level communicating with the bottom of the other ; 
from this the water was raised to the surface by another machine. 
In deep mines, a third pit with a third machine vr«b"& xe^^'crtX*'^;^ \si. 
In Scotland^ however, at the same time, tia© madcMiet!^ ^-vss^^s^^^ 
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The Bubjoiued statement showe the relative value (for copper ore) 
of each centre of mining in Cornwall during the year 1855. The 
Penzance district, as funUHhing the lowest amount, is taken as 
unity : — 



No.q( 


Dlrtrim. 


Torn of 


TODIOf 


^., 


^i^sr. 


UKreueor 


18 
11 
13 

61 


Penzance 

St. AustaD 

Uskeaid 

Redruth 


13,411 

16,366 
22,828 
107,686 


SIS 
1,218 
1,666 
6.692 


£ 93.390 
124,393 
169,661 
676,236 


8 
7 
6 
8 


1-00 
1-83 
1-70 
7.22 


64 
IS 


Total 

Deronflhire ... 


159,277 
33,821 


10,394 
2,071 


£1,062,669 
200,348 


SI 


it'ii' 


113 


Total 

Simdriea 

Total 


188,101 
2,29B 


12,486 
134 


£1.262,817 
11,802 


"h 




106,400 


12,689 


£1.264,819 







The imports and exports of copper ore and copj)er Irorn 1840 to 
the end of 1855 show that the consumption of tms metal is rapidly 
increasing, and that the production is not yet equal to the demand. 

' CoppBB Obb and Reqdlus, Wbouoht Ain> 
,ND Declabsd Talus or BaAss and Coppbb 

VKiks. KNix-yf! ]S5»:- 



48,597 
49,868 
66,720 
68,106 



46.882 
42,128 
43,011 



:l,623,741 
1,801,712 
1,614,248 
1,736,6*6 
1,691,111 
1,658,187 
1,611,868 
1,257,911 
1,875.886 
1,973.198 
1,839,166 
l,Til4,083 
1,854,331 
1,768,950 
2,113,177 

£25,692,177 

I«roaT3.— Copper unwrought and wrought 3Q^1\ l.Hoa, 

EXEoara.— Copper unwrought and wroueht ,\'i,'n?, \*itia- 

aifflpoe of imports for IE yearn AT .t.^ft ^grA. 



1286 
1016 
1039 
1753 
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The ores furnishing lead are more uniformly distributed through- 
out the British Isles than copper. About 330 mines are now 
making returns, but at least 400 may be estimated to be in ope- 
ration. The total produce has for some years experienced only a 
slight increase. Por the year 1855 it amounted to 65,533 tons of 
metallic lead, which realised £1,692,055. In the year 1828, the 
quantity raised in England and Wales was estimated at 47,600 
tons, showing a difference in favour of 1855 of 18,033 tons, equal to 
an increase of 22 per cent, per annum. A large quantity of British 
lead ore contains a valuable amount of silver. The richest ores 
are produced in Cornwall, and yield on an average about 23 ounces 
of silver per ton. The mines of Alston Moor, Weardale, Teesdale, 
&c. give from 6 to 12 ounces per ton of lead; Derbyshire and 
Shropshire lead contains from 1 to IJ ounces per ton ; the mines 
of Flintshire and Denbighshire average from 4^ to 6J ounces per 
ton. The nett consumption of pig lead in our home manufactures 
for eight years, ending 1855, averaged nearly 55,000 tons per 
annum. The price of pig lead has experienced great fluctuations 
during the present century ; from 1806 to 1815 it averaged 
£27 128. per ton; from 1816 to 1825, £21 18*. ed. per ton; in 
1830, the mean price had declined to £12 lOs. per ton; the 
average price for 1855 was £23 Ss. per ton. 

Owing to the general distribution of lead veins, their produce is 
sold both by ticket and private contract. The Cardiganshire mines 
usually sell at Aberystwyth by the former method. Twenty-one 
hundredweights of 112 fcs. each comprise a ton, which is sold dry 
weight, and shipped free from charge to the purchasers ; payment 
is made' either by bills at three months date, or discount, at the 
rate of five per cent, per annum, is allowed for cash. In the river 
Dee the ore is sold according to a standard produce. Thus 10 
ounces are supposed to yield 7 ounces 14 dwts. of metal, and the 
biddings are founded upon the commercial value of this per centage. 
Por every additional pennyweight of lead which the ore may yield 
2«. 6d. is added to the price offered per ton, or 2s. 6d. per penny- 
weight is deducted if the produce falls under 7 ounces 14 dwts., or 
77 per cent. No allowance is made for water weight or moisture, 
ana payment is made by the smelter's weight. Cash paid one 
month after delivery. The approximate value of a parcel may be 
readily ascertained by finding the value of lead in the ore, esti- 
mated at the current price of that metal, and deducting there- 
from £2 per ton for returning charges, and then taking off 10 per 
cent, for the smelter's profit. If the ore should contain above 
5 ounces of silver per ton of metal, the excess may be valued at 5«. 
per ounce, which must be added to the value for lead. 
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MINIire AND HETALLUBGY. 



Lead Obk and Lead, Whitb Lead, and Litharge, Imported and 
Exported for Eight Years, ending 1855 : — 



Yean. 


Lead ore. 


Lead. 


White lead, Lithargre, A«. 


Imported. 


Exported. 


Imported. 


Exported. 


Imported. 


Exported. 


1848 


Tons. 

1,298 

1,381 

1,380 

2,790 

802 

733 

1,166 

742 


Tons. 
135 
181 
180 
133 
195 
488 
104 
664 


Tons 

3,788 

7,126 

7,216 

14,591 

13,257 

17,664 

11,868 

7,246 


Tons. 

6,128 
17,025 
17,206 
19.488 
19.996 
17,680 
19,804 
22,247 


Tons. 

• • • 

44 
43 
47 
64 
31 
30 
33 


Tons. 

2,292 

3,798 

3.798 

8,784 

3,389 

2.870 

3,295 

6,020 


1849 


1850 


1861 


1862 


1853 


1864 


1865 




TotAl 


10,282 


1,980 


82,646 


139,674 


292 


28,246 



The alluvial tin deposits of Cornwall have been worked from 
time immemorial, but during the last 300 years the larger propor- 
tion of the raisings have been derived from lodes. The produce 
of these in 1800 was 2,522 tons ; in 1810, 2,036 tons ; in 1820, 
2,990 tons : in 1830, 4,444 tons ; in 1840, 6,000 tons ; and in 
1855, 6,()00 tons of black tin. 

Common tin is reduced from vein stuff, whilst grain tin is 
usually made from alluvial ores ; the latter is employed for dyeing 
purposes, and in the manufacture of tinfoil, &c. Tin ore, or black 
tin, averages about 70 per cent, of metal. The wages in one of 
the largest mines, situated in west Cornwall, for 1855, averaged 
— Tutworkmen, £S,68.7d. per man per month; tributers, £3.5«. Sd. 
per month. The vein stuff taken to the stamps gave an average 
produce of only 17 J lbs. of black tin per ton. 



Table, showing Quantity op Tin Ore raised prom the Mines op Corn- 
wall AND Devon, together with the Tin and Tin Ore Imported and 
Exported during Eight Years, ending 1856 : — 



Tears. 



/_ 



1848 
1849 
1860 
1851 
1852 
1853 
1854 
1855 



Cornwall and Devon. 



Ore. 



Tons. 

10,176 
10,719 
10,383 
9.455 
9,674 
8,866 
8,747 
8,947 



(Estimated) 
Tin. 



Tons. 

6,800 

7,000 

6,900 

6,300 

6,400 

6,900 

6,800 

6,000 



Foreign Tin. 


Foreign tin ore. 


Imported. 


Exported. 


Imported. 


Exported. 


Tons. 


Tons. 


Tons. 


Tons. 


299 


2,188 


34 


— 


1,791 


2,211 


7 


— . 


1.686 


1,777 




— 


2,687 


1,256 


6 




2,372 


1,374 


22 


— . 


2.487 


2,349 


166 


— 


2,261 


2,073 


67 


— 


\ l,ei^ 


\ 1,627 


I 84 


— 
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Coal. — ^The present vend of coal is about 6,600,000 tons per 
month, which is obtained from about 2,700 collieries, giving 2^037 
tons to each colliery, or an average annual yield of (say) 28,500 
tons. The coal-fields of the United Kingdom have been estimated 
to contain an area of 12,000 square miles. Various calculations have 
appeared, stating the time required to exhaust these fields, but it is 
obvious that no definite period can be announced ; they will, how- 
ever, afford an ample supply for many centuries to come. In the 
Report of the Committee of the House of Commons, the consump- 
tion of coal in Great Britain in the year 1827 is stated as 22,700,000 
tons : thirty years later, or in 1856, this quantity had increased 
2 • 86 times. 

Iron, — The make of iron in 1855 amounted to 3,218,154i tons. 
In 1796, it was 125,000 tons ; in 1806, 250,000 tons ; in 1820. 
400,000 tons ; and in 1827, 700,000 tons. In thirty-one years— 
from 1796 to 1827, the increase amounted to 460 per cent.; 
whilst from 1827 to the end of 1855, or a period of 28 years, the 
increase equalled nearly 360 per cent. 

The number of furnaces employed for the production of ironiu 
the year 1856 was as follows : — 

No. No. in blast. 

England 143 311 

Wales 33 156 

Scotland 33 122 



209 689 



The average yield of iron per furnace was therefore 103 tons per 
week. 

In the following statement, we have freely drafted from the 
results furnished in Mr. Hunt's volume of statistics for 1855 ; but 
we have also endeavoured to form some approximate value of the 
minerals and metals employed in our industrial arts, and to show 
tlie amount of imports and exports. The annual value of our 
mineral products now amounts to £33,000,000 sterling, and when 
prepared for manufacturing purposes, this amount is raised to 
£38,000,000. Any estimate of the value which this sum ultimately 
acquires in our commercial economy, after it has been enhanced by 
human and mechanical labour, must be purely hypothetical. 
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^l[TSn[& AND HETjLLLUSGT. 



The relative values of the metals and minerals raised in the 
United Kingdom, and also employed for manufacturing purposes, 
will be seen from the foUowing statement:— 





Value of Ore and 

MineralB raised in 

Great Britain. 


Value of Metals and 

Minerals convert>ed for 

manufacturing purpoeea. 


1. Coal 

2. Clays, slates, and sundries 

3. Iron Ore 


49-61 

23-02 

13-76 

7-24 

4-04 

1-87 

-43 

-10 

•03 


38-66 

19-46 

23-73 

9-62 

3.88 

1-81 

1-76 

•90 

•40 


4. Copper 

6. Lead 

6. Tin 

7. Silver 

8. Zinc 

9. Nickel and cobalt 


Total 


100-00 


100-00 



It thus appears that our coal-fields yield annually nearly one-half 
the total value of our mineral produce. Iron approaches it in the 
ratio of (say) 1 to 4 ; copper as 1 to 6| ; lead as 1 to 12 ; and tin 
as 1 to 26. 



Estimated Value op the Metallic and Mineral Produce of United 
Kingdom, showiijq the Comparative Increase from 1838 to end of 
1866, A Period of 17 Years. 





Estimate for 1838. 


Estimatie for 1865. 


Increase 
ofvalae. 


Tons. 


Value. 


Tons. 


Value. 


Coal 


26,000,000 

9,000,000 

13,000 

46,000 

6,600 

10,000 lbs. troy 


£10,000,000 

1,000,000 

7,000,000 

1,300,000 

950,000 

650,000 

30,000 


64,463,070 

3,218,164 
21,428i 
73,091 
6.000 
46,826 lbs. troy 


£16,000,000 

6,086,000 

13,616,266 

2,785.684 

1,692,056 

720,000 

140.476 


1-6 

6-8 

1-93 

2-14 

1-8 

1-3 

4-68 


Clay-slates, ) 
salts, alum, > 
& sundries ) 

Iron 

Copper 

Lead 

Tin 

Rilyer 

TotAl... 


£20,830,000 


£39,939,481 



The estimated returns for 1838 were derived from taking the 

average produce for a series of years ; but it must be considered 

less of an approximation to the real amount than that for 1856, 

since the returns for the latter year were compiled from careful 
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investigation and inquiry made throughout the United Kingdom. 
It is highly satisfactory to know that an increase has taken place 
on the whole, equal to 6 per cent, per annum ; whilst in the staple 
items of coal, iron, copper and lead, the result is such as to afford 
the most conclusive . proof that our mineral industry is steadily 
extending itself, in spite of the drawbacks which are ever con- 
sequent on rash speculation. 

According to the following statement, by Mr. Hunt, the number 
of people employed in the mines of Great Britain, in 1854, amounted 
to 303,977, of whom 208,520 were males, and 3,816 females, above 
20 years of age ; leaving 91,641 for boys and girls under 20 years 
of age. 



Total Number of Persons employed in MnnxG Operations in England, 
Wales, and Scotland, during the year 1864. 





Men and women 
of all ages. 


Under 20 years of age. 


20 years and upwards. 1 


Male. 


Female. 


Male. 


Female. 


Coal 

Iron 

Copper 

Tin 

Lead 

Zinc, &c 

Totals ... 


219,995 
26,106 
21,192 
14,761 
21,749 
174 


65,705 
6,331 
5,323 
4,305 
4,937 
46 


1,290 

20 

2,363 

1,039 

271 

21 


151,648 

19,755 

12,023 

8,574 

16,441 

79 


1,352 

1,493 
843 
100 

28 


303,977 


86,647 


4,994 


208,620 


3,816 



Number of males of 20 years and upwards to 1 under 20 = 2 '4. 
„ females of 20 years and Upwards to 1 under 20 = • 72. 
„ males employed to 1 female = 35*5. 

It is extremely difficult to state the number of separate mine 
and quarry workings that exist in the United Kingdom. Mr. Hunt 
gives a list of 172 copper mines, 330 lead mines, 166 tin mines, 
and 2,613 collieries — together, 3,271 distinct adventures ; but it is 
highly probable that each class of mineral property numbers many 
more mines. No return of the number of iron mines, quarries, and 
of other similar works, have been obtained. 

The amount of capital employed in developing our mineral 
resources is a subject of the utmost importjance ; since, if this were 
ascertainable, a knowledge of the corresponding returns would 
enable the capitalist to determine the precise percentage of gain 
accruing from a given section of this industry, and consequently 
direct him to operate accordingly. 
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HYDKAULIC MACHINEEY. 



Watee has been employed as a motive power from the remotest 
ages, and has been applied in numberless ways to a variety of. 
machines, some of which display much invention and ingenuity. 
Since the introduction of the steam-engine, both the science and 
construction of water machinery have been, to a considerable 
extent, neglected. In our mines, the application of water-power 
has been mostly confined to wheels in which little refinement of 
construction has been attempted. 

Water is a compound body, composed of eight parts by weight 
of oxygen and one of hydrogen. It expands in bulk, and decreases 
in density from a temperature of 39° Fahrenheit up to 212°, and 
below 39° it dilates and decreases in density until it reaches the 
freezing point. 

Experiment has determined that water may be compressed 
about 4e-fi^;ooo*^ P^i^ per atmosphere; a quantity so small, 
that, practically speaking, water may be regarded as incompressible. 

The varying density and volume of water, although small, 
should be borne in mind by those entrusted with the construction 
of hydraulic apparatus. Ii it be allowed to freeze within cast-iron 
pipes, and no means be provided to allow free expansion, destruc- 
tion of the arrangement is sure to follow ; since a cubic inch of water 
exerts within the range of its expansion a force equal to 13^ tons. 

Water is subject to the same law of gravitation as other heavy 
bodies ; but this must in practice be considered as applicable to a 
dense column or sheet of this fluid only, and not to a divided jet, 
which is much afiected by the resistance of air. 

In England and Ireland the average fall of rain is about three 
feet per annum, of which about two- thirds is evaporated; the 
remaining twelve inches ultimately finding its way to the sea. 

A cubic foot of water weighs 1000 oz., or 62 J Bbs. nearly. 

A cubic inch „ „ -03617 „ 

An imperial gallon of water „ 10 „ 

11 • 2 imperial gallons „ 1 cwt. 

224 „ „ „ 1 ton. 

1 • 8 cubic feet of water . . . „ 1 cwt. 

S5'84 „ „ ... „ I ton. 
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A column of water, 12in.higli, lin. sq. weighs •434 fl>s. 

A cylindrical foot of water „ 49 • 1 „ 

„ inch „ „ -02842,, 

An imperial gallon = 277 • 274 inches. 

A pound avoirdupois = 27 • 64 cubic inches. 

A cubic foot (1728 inches) = 6^ gallons. 

A cylindrical foot = 4 • 896 imp. galls. 

A cylindrical yard, 12in. diameter = 14*6 „ 

„ „ lin. „ = 28 • 26 cubic inches. 

The subject of effluent water has received considerable attention 
from engineers, and the following deductions have been the result 
of numerous experiments : — 

That the quantities of fluid discharged in equal times from 
difierent- sized apertures, the altitude of the fluid in the reservoirs 
being the same, are to each other nearly as the area of the apertures. 

That the- quantities discharged in equal times by the same 
orifice, under different heads, are nearly as the square roots of the 
corresponding heights of the water in the reservoir above the 
centre of the apertures. 

That the quantities discharged in equal times under different 
heights, are to each other in the compound ratio of the areas of 
the apertures, and of the square roots of the height nearly. 

That, on account of friction, the smaller orifices discharge propor- 
tionally less water than those which are larger, and of a similar 
figure, under the same head, and that, from circular apertures 
presenting less surface under the same area than other figures, 
they are most advantageous. 

That if a horizontal tube be of greater length than the extent of 
its diameter, the discharge of water is much increased. 

DEriNITIONS. 

1. — A stream cut vertically and perpendicularly to the direc- 
tion of the current, presents a transverse section, 

2. — K a stream be » supposed to flow in a new channel whose 
sides are vertical, and whose bottom is flat, with a breadth and 
sectional area equal to that of its real channel, we arrive at its 
mean hydraulic depth, 

3. — The velocity of water in a river is most rapid in the middle 
of the upper surface of the stream, and gradually diminishes towards 
the bottom and sides of the channel. The mea^ velocity is assumed 
to be the central velocity of the transverse section, and the declivity 
is the rate of fall or descent in a given distance. 

4. — When water issues from a small orifice in the bottom or 
side of a vessel or reservoir, it acquires the velocity which. ^ djeoafc 
body would acquire by falling from the \iotvLOTL\.«i «vi2d»«fe ^^ *^^ 
water. This ia called its natural veloeitt/. 
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6. — The height due to the velocity of water issuing from a 
cistern or reservoir, is known as the head of tffbter, 

6. — The head of water in water-wheels is the distance from the 
surface of the water to that point at which it strikes upon the 
wheel. 

BULES. 

1. — The mean hydraulic depth is found by dividing the area 
of the transverse section by the breadth of the bottom of the new 
channel. 

2. — The mean or central velocity may be found by multiplying 
the mean hydraulic depth by the declivity, both in feet, and ex- 
tracting the square root of the product. The result, diminisbed 
by -^yth part, is the mean velocity in miles per hour. 

3. — The force of water acting directly against a plane surface is 
found by multiplying the area of the surface in feet by the square 
of the velocity in feet per second. This product, less •j'^th, will give 
the force required in pounds nearly. 

Thus for the following velocities in feet per second, the force in 
pounds on a square foot will be — 

Velocities, 1, 2, 3, 4, 6, 6, 7, 8, 9. 
Forces, ... 1, 4, 9, 15 J, 24f, 36, 48f, 62^, 79. 

4. — If the velocity be given in miles per hour, then multiply the 
area of the surface in feet by the square of the velocity, and double 
the product, increased by -j^^th, will be the force required in 

Eounds, nearly. Thus, for the following velocities in miles per 
our, the force in pounds on a square foot will be — 

Velocities, 1, 2, 3, 4, 5, 6, 7, 8, 9. 

Forces, ... 21, 84, 189, 33*6, 525, 756, 102*9, 1344, 1701. 

6. — The effective power of a stream, as available for driving 
machinery, is determined as follows '.—Multiply the force due to the 
velocity and the area of the transverse section by the velocity per 
minute, and divide the product by the estimate of a horse-power. 
The quotient will be the effective power required. 

6. — The velocity of water issuing through a circular orifice at 
any given depth from the surface, after allowing for friction and 
the contraction of vein thereby produced, will be found by multi- 
plying the square root of the height or depth to the centre of the 
orifice by 8*1, and the product will give the velocity in feet per 
second. Thus : suppose the depth from the head to the centre of 
the fluid to be 16 feet, required its velocity ; ^/ 16 = 4 x 8*1 = 32*4 
feet velocity per second. In the case of rectangular apertures, the 
use of a co-efficient, or number expressing the proportion between 
the theoretical discharge of the water calculated as a falling body, 
and the actual discharge, becomes n.ece«««kty. 
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NOTCHED WEIES, &c. 

1. — ^When an aperture extends to the surface of the fluid. 
Multiply the area of the opening in feet, by the square root of its 
depth also in feet, and the product by 5 * 1 ; then will two-thirds 
of the last product equal the quantity discharged in cubic feet per 
second. 

Ex. 1. — Required the quantity of water in cubic feet, per 
second, discharged through an opening in the side of a dam op 
weir ; the width or length of the opening being 7^ feet, and depth 
10 inches, or '833 of a foot. ^/ of depth, -83 == '912. 
Then 7*5 ft. width x -83 depth, =6-249r5 area, x -912 = 5-709772 
X 5-l=:291198372 ; for | x 2-^3=19-4132 cubic feet. 
. JEx, 2. — When the aperture is under a given head : — 

Multiply the area of the aperture in feet by the square root of 
the depth also in feet, and by 5*1, the product is the quantity 
discharged in cubic feet per second. 

Ex, — What quantity of water would be discharged through 
an opening in the side of a dam or weir, the width or length 
being 7 J feet, and its depth 10 inches, if under a head of water 
5 feet in height ? 

^/ 5 = 2*236 x 5*1 for velocity = 11*4 feet of water per second. 
And 7-6 X -83 x 2-236 x 5-1 = 71-269 cubic feet discharged 
in the same time. 

To find the time a vessel will take in filling^ when a hnoton 
qUfCmtity of water is flowing in and out in a given time. — Divide 
the contents of the vessel in gallons, by the difference of the quan- 
tity going in and the quantity flowing out. The quotient is the time 
in hours and parts oi an hour that the vessel will take in filling. 

Ex, — K 40 gallons per hour run in, and 30 gallons flow 
out of a vessel in the same time, such vessel holding 400 gallons, 
in what time will the vessel be filled ? 

Diff. between 30 and 40 = 10 ; then 400 -r- 10 = 40 hours. 

To find the time a cistern will take in emptying itself of water 
through an apertu/re of a given area. — Multiply the square root of 
the depth in feet, by the area of the falling surface in inches ; 
divide the product by the area of the orifice multiplied by 3*7, 
and the quotient is the time required in seconds nearly. 

Ex. — ^Kequired the time it will occupy to empty a cylinder 
of water 16 feet high, and 24 inches diameter, tnrough a hole 
|-inch diameter. 

V'16 = 4 = square root of depth, 

242 — 57(5 X -7854 = 462-39 = area of falling surface. 

-762 X -7864 = -6626 x -7854 = -4417876 ; then-^ 

462-39x4 nnnrrAO A "^o^^n A 

'4417875 X SI ^ 1107-02 aeconda « \& ^ m^^i- 
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Approximate Rule for finding the number of imperial gallons 
of water contained in a square or rectangular cistern, — Find the 
contents of the cistern in cubic feet, and multiply by 6-232, or the 
contents in cubic inches by -003607, and the product is the number 
of gallons nearly. 

Sx. — A cistern is 10 feet long, 5^ feet wide, and 4 feet deep; 
required the number of imperial gallons it will contain ? 
Cistern 10 feet x 55 x 4 = 220 cubic feet ; 
Then 220 x 6*232 = 1371040 gallons. 

Or thus:— Cistern, 120 in. x 66 in. x 48 in. x *OO3607 
= 1371-237, as before nearly. 



Table, showing the Capacity op Cibcdlar Cisterns in Galloks, pob 

EACH 12 Inches in Depth. 



Feet 
Diam. 


Gallons. 


Feet 
Diam. 


Gallons. 


Feet 
Diam. 


Gallons. 

1 


Feet 
Diam. 

1 . 


Gallons. 


' 2 
1 2J 
3 

34 
4 


19-5 

30-6 

44-06 

59-97 

78-33 

99-14 


6 

6 

H 

7 

74 


122-40 
14810 
17625 
206-85 
239-88 
276-40 


8 

84 
9 

9i 
10 

11 


313-33 
358-72 

396-66 
461-40 
489-20 
692-40 


1 12 

1 13 

14 

15 
20 
25 


705 

827-4 

969-6 

1101-6 

1968-4 

3059-9 



WATEE-WHEELS. 

There are three varieties of water-wheels, named Overshot, 
"Undershot, and Breast Wheels, according to the positions at 
which the water is received upon the circumference. The last 
description is distinguished as High or Low Breast, according as 
the water is received upon it either above or below the horizontal 
plane of its axis. 

Overshot Wheels. — ^Wheels that have the water applied witbin 
a few degrees of the summit are termed Overshot Wheels. It is 
considered by some engineers that the periphery of a water-wheel 
ought to move at a velocity equal to about twice the square root of 
the fall in feet per second, and that the number of buckets should 
equal 2-1 times the wheel's diameter in feet, or that the head of 
water should be sufficient to cause the velocity of its flow to be as 
3 to 2 of that of the wheel. 

The experiments of Smeaton tended to prove that the best effect 

was obtained when the velocity of a wheel's circumference was a 

little more than 3 feet per second ; and hence practical men 

have (Constituted a general rule to make the speed of overshot 

wheels at their circumference Z\ ieet "^et ^con^, at 1\^ ^<^t 



WATEE-WHEELS. 45 

per minute. This is, perhaps, nearly correct, for wheels having 
a small diameter ; but 6 or 8 feet per second is not too much 
for a 30ft. wheel ; whilst wheels oi a larger diameter may have 
this speed increased with advantage. 

A wheel ought to be so constructed that the difference of 
velocity should only exist to such an extent as to admit of the 
succeeding buckets being properly filled. Eor this purpose, the 
water must be laid on in a thin stream, of no greater depth 
than will just give the excess of velocity required. The buckets 
should be sufficiently capacious not to be fiill when the wheel 
carries its greatest load, so that water may not flow over to 
waste, and it must be so constructed as to receive the liquid freely, 
to retain it so long as it will afford an effective result, and then 
discharge it immediately. Pairbaim's proportions for buckets, in 
wheels of high falls, are nearly as 5 to 24 ; i, e., supposing the 
capacity of the bucket to equal 24 cubic feet, the area of entrance 
from lip to front of bucket should be 6 square feet. In 
breast wheels receiving their water at a height of ten or twelve 
degrees above the horizontal axis, this ratio is altered to the 
proportion of 8 to 24. In both cases, the depth of the ring 
or shrouding is assumed to equal three times the width between 
the opening of the buckets, or 15 and 24 inches respectively. 

It is important, also, to make the stream of water flowing upon 
a wheel a little narrower than the wheel itself ; since the air which 
the buckets contain will then be expelled from the sides, and not 
subject the stream to resistance and waste. Care must also be 
taken in the construction of the tail race, and any flooding of the 
wheel by back-water be strictly avoided. 

Tojmd the head of water proper for a wheel at any given velocity. 
— As 259 is to 4, so is the square of the velocity of water in feet 
per second to the head required. 

Ex, — Eequired the head of water necessary for a wheel 72 
feet diameter, moving with a velocity of 8 feet per second. 

Pirst find the velocity of the water in feet : — 

8 -4- f t= 8 X i = 12 feet ; 
Then as 259 : 4 : : 12^ : 2*23, or 2 feet 3 inches head of water 
required. 

Ih find the horse-power of Overshot and Undershot Water- 
wheels. — Add one-half the head to the whole fall, multiply this 
by the weight of water delivered in a minute, divide the product 
by 33,000, and the quotient will be the effect expressed in 
horse-power. 

Overshot Wheel, Ex. — ^If 960 cubic feet of water per minute 
be expended on a wheel 12 feet in diameter, with 2 fe«t \sr».^^ 
required the horse-power. 
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„ o , (1 + 12) X 960 X 62-5 „„ ^ , ^ 

2-7-2 = 1 v__E ^ -^ = 23-6 horse-power. 

Undershot Wheels JEr. — If 1000 cubic feet of water per 

minute be applied to an undershot wheel, the head being 13 ftet 

(and the fall = 0), required the power produced. 

TT io . o aK J 6-6 X 1000 X 62-5 t„.q i,^ 

Here 13 -r- 2 = 6*6 and ^^^^ = 12*3 horse-power. 

Only two-thirds of the above result can be considered as effiao- 
tive power communicated to the machinery. 



WATEBrPEESSUEE ENGINES, &c. 

The water-pressure engine is peculiarly applicable to mountain- 
ous districts where high falls can be procured, and will be found 
highly economical for pumping, drawing, and many other mining 

Surposes. In this machine the power is obtained by means of a 
escending column of water acting by its weight on a piston work- 
ing in a closed cylinder. As water may be considered a non- 
elastic fluid, care should be taken so to arrange for its admission 
and emission, as to cause no shock to the machinery, and at the 
same time to produce the highest effective result. 

The credit of inventing this apparatus appears to belong to 
Hungary ; but various German engineers have also devoted much 
talent to the improvement of its construction, and have succeeded in 
bringing this machine to a great state of perfection. A Mr. William 
"Westgarth erected the first pressure engine in this country, in the 
year 1765. Smeaton afterwards modified and improved Westgarth's 
plan, in an engine which he constructed for Lord Irwin, of Temple 
Newsam, Yorkshire. Trevethick appears to have been the next 
engineer who gave these machines particular attention, and has 
since been followed by Mr. Dean, Mr. Armstrong, and Mr. 
Darlington. 

The pressure engine may be either single or double-acting. In the 
former case the piston moves in one direction only by the pressure 
of water, and returns by the action of a couijterpoise weight ; whilst 
in the latter the piston is impelled in both directions by the force 
of a column of water. Sometimes, also, instead of one, two single- 
acting cylinders are employed, the piston rods being connected by 
means of across-head; in other cases the action of one piston 
is downwards, whilst that of the other is in a contrary direction. 

In laying the pressure column, care must be taken to intro- 
duce the top into the supply reservoir some distance below the 
awcface of the water, in order to prevent the admission of air ; and 
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also to fix a grating on the mouth of the pipe, to keep back pieces 
of wood, ice, &c. In addition to this, a sluice valve should be fixed 
so as to shut off* the water from the pressure column when required ; 
whilst the metal forming the pipes must increase in thickness in 
accordance with the pressure to which they are severally exposed ; 
the soundness and strength of each pipe should also be proved 
before leaving the foundry. 

The capacity of cylinders ought rather to be influenced by their 
lengths than their diameters, whilst the maximum velocity of the 
piston should not exceed 140 feet per minute. 

Every part of a pressure engine should be made particularly 
strong, and the cylinder be of greater thickness than is theoretically 
necessary, in order to withstand any concussion arising from the 
sudden entrance or stoppage of the water. The whole of the sub- 
structure must also be sound and massive. 

The main piston is usually of the ordinary character, supplied 
either with metallic rings, leather, or hemp packing. 

The admission and discharge of water from the cylinder is 
effected by cocks, valves, or pistons, acted on by proper plug 
gear. For large engines, however, piston valves are preferable, 
since they are less liable to derangement. These are usually made 
in pairs, i order that the water >om the pressure column may 
pass between them without bringing any weight or strain on the 
gearwork. Yalve gearing is of three kinds, technically known as 
tumbling gear, spring gear, and pressure gear. The first consists of 
a weighted pendulum or beam, which is connected with the valves, 
and by falling a given distance produces the differential movement 
required to effect the up or down stroke of the engine. This 
principle was employed by Trevethick in the engine he erected in 
Derbyshire. Spring gear implies that motion is partially pro- 
duced by the action of springs : this plan, however, has not been 
extensively employed. The third method comprises pressure gear, 
which usually consists of an auxiliary apparatus, composed of a 
small cylinder, placed in direct communication with the descending 
column, into which are introduced two piston valves moved by the 
reversal of a ball, so as to allow water from the column to act upon 
the surface of the valve piston, or otherwise, so that the communi- 
cation between the piston and the pressure column may be closed. 

One of the most powerful hydraulic siugle-acting pumping 
engines erected in this country was designed by Mr. J. Darlington, 
in the year 1842, for the Alport Mines, Derbyshire. Its general 
dimensions were as follows : — cylinder 50 inches diameter ; stroke, 
10 feet; plunger pole, 42 inches diameter j pressure column, 
132 feet high ; length of plunger lift, 140 feet. The total pressure 
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on the piston in this case amounted to 50 tons, or 58 lbs. per 
square inch, and the speed per minute multiplied by the weight 
lifted, and divided by ^3,000, give 168 as the nett horse-power. 
Its average speed was four strokes ; but it could, if necessary, 
be raised to seven strokes per minute, without causing any 
perceptible shock in the descending column. The piston rod 
worked through the bottom of the cylinder, and was directly 
connected with the pump rod, to which was attached a weighted 
plunger pole. In order to prevent impact, and secure smooth- 
ness of action, the water from the descending column was 
slowly admitted on the piston, and by a double system of valves 
brought to a gradual state of rest. Into a nozzle placed in 
front of the main cylinder were fitted inlet and outlet cylindrical 
valves. Eight and left of these valves sluice valves were fixed 
for regulating the speed of the machine. Between the main 
cylinder and sluice valves were introduced two small 5- inch 
inlet and outlet piston valves. The cylindrical and piston valves 
received motion by a rod depending from a vibrating beam con- 
nected by a rod with the top of the main piston, and by cataract 
gearing placed beneath the valve nozzles. When the water was 
admitted to the main cylinder, the inlet cylindrical valve gradually 
opened, the stroke of the piston was then made to a given point, 
when the action of the cataract closed the valve, and, by displacing 
the 6-inch pistons, opened the apertures so as to allow the 
water to be continued from the column to terminate the stroke. 
When this was done similar movements occurred in the outlet 
valve and piston. The valves were made of brass, with a thin 
feather-edged beat, and kept tight by a boss projecting from 
the nozzle into which packing was inserted, and pressed down 
by a projection in the under surface of the valve bonnets. The 
water thus acted on the outer surface of the valves, between the 
zone of packing and the seatings, and when opened passed through 
the latter. The Alport engine ceased working in 1852 ; but its 
performance was so satisfactory, that the Talargoch Adventurers 
were induced, in 1843, to erect a similar machine at their mines, 
where it still continues to work. 

Eor smaller machines, Mr. Darlington has adopted a different 
construction. His most recent engine is represented in the 
frontispiece; the sectional elevation at the end of the volume 
represents an engine designed in 1851 for a mine in Cornwall. 
The cylinder stands, in both cases, on two cast-iron bearers fixed 
across the shaft, the piston rod works through the cylinder 
bottom, and is a continuation of the pump rod. In front of the 
main cylinder is a smaller one with differential diameters for the 
admission and emission of water, and right and left are sluice 
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valves for regulating the speed of the engine. Connected with 
the second cylinder is a small 3-inch auxifiary cylinder, provided 
with inlet and outlet regulating cocks. 

In starting this engine, the sluice valves and regulating 
cocks are opened, the water then flows from the pressure column, a, 
into the main cylinder, b, through the nozzle cylinder, g, and acts 
(see folding plate at end of volume) upon the piston, c, until the 
upstroke is completed. The piston, e, has a counter piston, e', of 
larger diameter, and when relieved from pressure on itfr upper 
surface, the water acting between them, forces it upwards, in which 
case the pressure is cut off from the main piston, and the 
water contained in the cylinder, b, is free to escape under the 
piston, E, through the holes in H. With the emission of the 
water the downstroke is effected. The downward displacement 
of the pistons, e and e', is performed by the auxiliary cylinder 
and pistons, e f', the pressure column is continually acting between 
these pistons, and by their alternate displacement by the fall-bob 
and canti-lever, k, on the arbor, l, the water is either admitted 
or prevented from operating on the upper surface of the piston, b'. 
The water from the top of piston, e', escapes through the 
apertures, i. The motion of the canti-lever, k, is effected by 
tappets fixed on the pump rod m. 

One of these engines is now in operation at the Minera Mines 
in North Wales. The cylinder is 35 inches diameter ; length of 
stroke 10 feet ; pressure column 227 feet high. Its average speed 
is 80 feet, and maximum speed 140 feet per minute. The pressure 
of water on the piston is, 98 fts. per square inch, giving a total 
weight on the piston of about 40 tons. This machine requires 
no personal attendance, the motion being certain and continuous 
as long as the working parts remain in order ; consequently the 
cost of maintaining it is of the most trifling character. 

The pressure of water has been ingeniously applied to rotary 
purposes by Mr. William G. Armstrong, of Newcastle- on-Tyne. 
His usual method is to fix the cylinders in an inclined position, 
and so to arrange them in pairs that the two may act upon one 
crank. This gentleman employs a kind of slide valve with an 
arrangement of escape or relief valves to avoid concussion of the 
pressure column at the turn of the piston's stroke. These engines 
have been successfully applied at the South Hetton Colliery and at 
a lead mine near AUenheads^ 
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TABLE OF PBES8URE KNQINES. 



Locality. 



ft 



a 



South Hetton Colliery 



Engineer. 



Northumborland 

Ems 

Bleiberg 

Chemnitz 

Ebenseo, Salzburg 

Clausthal , 

Alte Mordgrube, Saxony ... 
Alport Mines, Derbyshiro . . . 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Lisbume, Wales 

Cwmystwyth „ 

Talargoch 
Minera 



Allenheads 



Wostgarth 
unknown 



Trevithick 

Fairbaim 

Darlington 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 
Ditto 

Armstrong 
Ditto 



Diameter of 
Cylinder. 



Inches. 
10 
134 
7 
11 

164 
18 
(double) 26 
36 
50 
18 

124 
20 
24 

50 

35 

•4Cyl. 
each. 

each. 



Length 


No. of 

strokes 


Speed 


ol 
stroke. 


nunute. 


minute 


Feet. 






• • • 

4 


• • • 

1 


• • • 

8 


ej 


8 


100 


8 


3 


48 


lA 


6 


17 


6 


4 


48 


8 


4 


64 


10 


6 


120 


5 


7 


70 


10 


7 


140 


7 


11 


154 


10 


6 


120 


do. 


do. 


do. 


6 


8 


96 


10 


7 


140 


10 


7 


140 


10 


7 


140 


12 


100 


200 


18 


60 


180 



Fluids press equally in every direction; the weight of water is 
as the quantity, whilst the pressure exerted is in proportion to 
the vertical height ; hence, if a vessel be filled by means of a 
vertical column or pipe, it will receive a pressure equal to the 
weight of the column multiplied by the number of times which 
the sectional area of the vessel exceeds that of the column 
employed. 

ITpon the foregoing principles depends the utility of the hydraulic 
press. Water is forced into the cylinder by means of a plunger, 
and repels the piston with a force proportionate to the number of 
times the piston of the ram exceeds that of the plunger. 

In calcmating the power of pressure engines, it must be borne 
in mind that it is only the vertical height of water which affords 
any power, and not the horizontal length of the column employed. 
In practice the pressure column will probably be laid on the side 
of a hill, and have nearly horizontal runs, so as to connect 
with the supplying reservoii^ but it is only the perpendicular 
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height between the reservoir and piston of the engine which must 
be regarded as the element of power. 

Tojind the load a Pressure Engine will lift in the shaft, and its 
horse-power : — 

Ascertain the vertical height of the column, and the pressure 
per square inch due to the height ; multiply the nett area of the 
piston by the pressure per square inch, and deduct from the product, 
say, one-fifth for friction, which will give the number of pounds 
the engine is capable of lifting in the shaft ; then multiply by the 
effective journey of the piston per minute, divide by 33,000, and 
the quotient is the horse-power. 

-Er. — The cylinder of a single-acting pressure-engine is 35 
inches in diameter, the piston rod 7 inches in diameter, length of 
stroke 10 feet, number of strokes per minute 7 feet, the effective 
journey is therefore 70 feet, whilst the height of column is 232 
feet. Eequired the load it will lift in the shaft, and the horse- 
power ? 

Ares of cyL aq. In. 

35' X -7854 = 9621, less 7" x 7854 = 962- 1—38-5 = 9236 
nett area of cylinder. 232 feet of pressure = 100*7 ibs. per square 
in. ; hence 923.6 x 100*7 = 93,006 ibs., gross pressure on piston, 
less ^ for friction, == 93,006—18,601 = 74,405 effective weight in 
tbs., which the engine will lift in shaft. Then 74,405 x 70 -^ 33,000 
= t^^j405j<_70^ ^g;j^.g |joj.ge.power. 
33,000 ^ 

Htdeostatio Pbiss. — Tojind the weight that a given power 
will raise : — 

Multiply the square of the diameter of the ram in inches by the 
power in Bbs, and by the effective leverage of the pump-handle ; 
divide the product by the square of the pump's diameter, also in 
inches, and the quotient is the weight the power is equal to. 

Uop, — What weight will a power of 50 lbs. raise by means of an 
hydrostatic press, whose ram is 7 inches diameter, pump -J, and the 
effective average of the pump-handle being as 6 to 1 ? 

7« X 50 X 6 ^ 7^ X 8^ X 50 X 6 _ fi^ ^ 300 = 19,200 lbs. 

•876» 73 or 8 tons, 11 cwt. 

TiJEBiNES. — Of late years these machines have attracted con- 
siderable attention, and the principle upon which they operate has 
been carefully investigated. 

Some of the best turbines have been erected by M. Fourneyron, 
a French engineer, and by Messrs. Whitelaw and Stirrat, in Scot- 
laaid. In America turbines have also been constructed of con- 
siderable excellence. 

The turbines of M. Fourneyron consist o? ^ VomKrc^a^^^^^- 
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wheel, the water entering at the centre and diverging in eveij 
direction towards the periphery. It then enters a series of 
buckets, and escapes at the circumference or external rim of the 
wheel. The water consequently acts on the buckets of the re- 
volving wheel with a pressure proportionate to the vertical height 
of the fall. Mr. Whitelaw's machine is composed of hollow arms 
projecting from a central column, and each having a spiral direc- 
tion. The principle of action is the same in all cases, the motion 
being produced from a centrifugal and tangential force caused by the 
weight of a column of water whose altitude is equal to twice the 
height of the fall due to the velocity of the water. In order to 
produce the greatest effect by the pressure and centrifugal force 
of the effluent water, the emission tubes must be so curved, that 
the apertures shall be in a right line with the radius of the wheel. 

Experiment has shown that these machines are equally adapted 
for great and small falls, and that they work almost as effectually 
when submerged to a depth of six or seven feet as when free; 
they consequently make use of the whole of the fall when placed 
below water level. It is stated that from 70 to 78 per cent, of 
the theoretical power has been practically obtained from this 
arrangement. 

The following general rule has been given by Mr. Whitelaw for 
computing the power of his turbine : — 

Multiply the effective flowing quantity of water in cubic feet 
per minute by the height of the fall in feet, and divide the product 
by 700 ; the result is the effect produced in horse-power. 

Ex, — Eequired the power produced by a flow of 1,700 cubic 

feet per minute with a fall of 60 feet. 

1,700 X 60 ^ .^. , 
— =^rjr = 145 J horse-power. 

Pumps. — Pumps are known as plunger and lifting pumps. In 
Cornwall and most of the mining districts it is usual to make 
the working barrel somewhat smaller than the column, in order to 
obviate the friction which would occur if the latter were made of a 
less diameter than the former. This system also affords great 
facility for changing the boxes. 

A bucket must never be raised more than 32 feet above the 
surface of the water, since the column at this height is nearly 
equal to the atmospheric pressure. From 9 to 12 feet is about 
the usual distance from the windbore to the bottom of the working 
barrel. 

The power necessary to raise water to any given height is as its 

weight and velocity, with the addition of about one-fifth the 

whole power for friction. Therefore, multiply the velocity in 

feet by the perpendicular height of the water in feet, and by the 
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square of the pump's diameter in inches ; and again multiply hj 
2*046, dividing the product by 165,000, and the quotient will be 
the horse-power required. 

^0?. —Required the power necessary to overcome the resistance 
and friction of a lift 20 inches diameter, 400 feet high, the water 
being delivered at the piunp-head with a velocity of lOO feet 
per miunte. 

400 X 100 X 20» X 2046 ^ 198 horse-power. 
165,000 ^ 

To find the gucmtity and weight of toater in a lift of pumps, or 
pressure column : — 

Multiply the area of the pump or pressure column by the height 
of the column in inches, divide the product by 277*37-, and the 
quotient will be the number of gallons ; then multiply by 10, which 
will give the weight in pounds. 

JSr. — Required the number of gallons and weight contained in a 
column 20 inches diameter, and 400 feet high. 
202 X -7854 = 314-16 = area of pump. Then (31416 x 400 x 
12 = 1,507,968) -f- 277-27 = 5,438 gaUs. x 10 = 54,380 IDs. as 
weight of column. 

To find the q^uantity and weight of water which can he delivered 
by a given plunger or bucket at each stroke : — 

Ascertain the area of the plunger or bucket, multiply by the length 
of the stroke in inches, divide by 277-27, the quotient will give the 
number of gallons discharged per stroke ; multiply by 10, and the 
product is the weight of water in pounds delivered. 

Ex, — Required the number of gallons of water discharged by a 
20-inch plunger, 9 feet stroke, and weight of the same. 
20^ X -7854 = 314-16, area of plunger; 
Then 314-16 x (9 feet x 12 in.) 108 -^ 277-27 = 122-3 gallons 
per stroke: 122-3 x 10 = 1223 lbs. delivered per stroke. 

Approximative ^ules for determining the weight and quantity 
of water contained in pipes, 

1. Square the diameter of the pump in inches, and multiply 
by length in feet; the product, multiplied by -34, will be the 
weight in pounds ©f water contained in the column, nearlv. 

2. Multiply the square of the diameter, in inches, by the length 
also in incnes, and by -00283 ; the product will be the contents 
in gallons, nearly. 
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142.2 


169-5 


12 


46-6 


61-4 


77-. 


5 93-6 


110-6 


127-6 


145-0 


162-6 


13 


• • • 


• • • 


84- 


i 102-2 


120-4 


188-8 


157-6 


176-6 


14 


• • • 


• • • 


90-( 


5 1096 


129 


148-8 


168-7 


1890 


15 


• • • 


• • • 


96-1 


5 1170 


137-7 


158-7 


179-8 


201-4 


16 


• •• 


• • ■ 


• •« 


124-5 


146-4 


168-6 


181-0 


213-8 


17 


• • • 


• •• 


• • « 


131-9 


156-1 


178-6 


202-1 


224-2 


18 


• • • 


• • • 


• • 


139-4 


1637 


188-4 


213-3 


238-6 


10 


• • • 


• • • 


• • 


• • 


172-4 


198-3 


224-4 


260-9 


20 


• • • 


• • • 


• • 


* • • • 


181-1 


208-2 


2366 


263-3 


21 


• • • 


* • • 


* • 


* • • • 


• • • 


218-2 


246-7 


275-7 


22 


• • • 


• • • 


• • 


• • « • 


• • • 


228-1 


267-9 


288-1 


23 


• • • 


• •• 


• • 


• • • 


• • • 


238-0 


2690 


800-6 


24 


• • • 


• • • 


• • 


. 


• • • 


247-9 


280-2 


312-9 



Note. — ^Two Flanges are generally reckoned to be equal to ona €oQt ^l^xmc^. 
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The history of the steam-engine as applied to mining is com- 
paratively brief. Savery, about the year 1696, was probably the 
first who employed steam power to raising water. In Saveir's 
engine a vacuum was formed in the receiver by the condensation 
of steam ; water was then forced into it by the pressure of the 
atmosphere, and elevated to any required height by the direct 
action of steam. Several of these engines were erected in different 
parts of England, and some idea of the inventor's opinion of them 
may be gathered from the following statement : — " I will raise 
your water 500 or 1,000 feet high, could you find us a way to pro- 
cure strength enough for such an immense weight as a pillar of 
water that height ; but my engine at 60, 70, or 80 feet, raises a full 
bore of water with much ease." This inventor introduced the 
term horse-power. Savery's engine was ultimately superseded by 
Newcomen's atmospheric engine, introduced about the year 1706. 
The construction of this machine differed widely from that of 
Savery' s arrangement, inasmuch as the steam exerted no direct 
action upon the surface of the water to be elevated, but was em- 
ployed as the means of forming a speedy vacuum beneath, a 
piston attached to one end of a lever, the pump rod being in con- 
nexion with the other extremity. In this way atmospheric pres- 
sure performed the principal duty, whilst steam was merely used 
as a means of removing the air from beneath the piston. To this 
inventor belongs the credit of introducing the beam or balance 
lever, and the method of condensing steam and forming a vacuum 
by immediate contact with cold water. 

The various <;ocks and valves were opened and closed by hand,^ 
until a boy, named Humphrey Potter, mgeniously connected them 
with the beam by means of strings and catches. This contrivance 
not only gave greater regularity to the movements of the engine, 
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but also increased the number of strokes per minute from six to 
sixteen. Mr. Henry Beighton afterwards employed the plug-rod 
and hand-gear, which, with but slight modification, is that employed 
at the present time. This gentleman also first used the steelyard 
safety valve, which was probably suggested to him by Desaguliers. 

Two of I^ewcomen's engines were, at an early period, erected at 
Wheal Busy, near Chacewater, with cylinders respectively 72 and 
66 inches in diameter. The consumption of coal by these two 
machines amounted to 320 bushels, or about 13 tons daily. 

In 1766 Smeaton's attention was occupied by improvements in 
steam machinery. With his experimental engine of one horse- 
power, he evaporated 6^ ft>s. of water by 1 ft>. of coal, and produced 
the greatest effect with a pressure of 8 ft>s. above that of the 
atmosphere. In 1775 he erected a 72- inch atmospheric engine at 
Wheal Busy. The stroke was lOJ feet, cylinder fixed over the 
boiler, and the main beam composed of several pieces of wood 
strongly bolted together and provided with D ends. The highest 
duty which Sraeaton performed with this apparatus was 9,450,000. 
This engineer, by enclosing the fire, and supplying the fuel 
through a tube, succeeded in evaporating 7*88 ibs. of water with 
1 lb, of coal. 

The period at which Watt was chiefly occupied with the improve- 
ment of the steam-engine was from the year 1762 to 1800. He 
first found that the loss of heat arising from condensing steam 
within the cylinder amounted to about 32 per cent, of that em- 
ployed, beside incurring a considerable loss of time in effecting the 
condensation. 

His first attempt at improvement was to employ a wooden* 
cylinder, which would transmit the heat more slowly than one of 
metal. This produced some beneficial effects, but did not answer ^ 
in other respects. Ultimately he arrived at the conclusion, that in 
order to obtain the greatest power from steam, the cylinder should 
be as hot as the steam entering it, that condensation should be 
effected in a separate vessel, and the injected water, if possible, 
cooled to 100^ Pah. or lower. The means for accomplishmg this 
did not occur to him until the year 1765, when he conceived the 
idea that if a communication were opened between a cylinder con- 
taining steam and another vessel which was exhausted of air, the 
steam, as an expansive fluid, would immediately rush into the empty 
vessel, and continue to do so until an equilibrium was established, 
and if that vessel were kept sufficiently cold, by injection of 
water or otherwise, more steam would continue to enter, until the 
whole was condensed. Thus the production of a vacuum in the 
cylinder without cooling it was insured, and the princvjlek cil ^^ 
steam-engine became what it continues to \)q b\i ^^^ y^^^*^ ^^ 
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In addition to the condenser, Watt adopted a method of lubii- 
cating the sides of the piston by employing wax or tallow ; he put 
an air-tight cover on the cylinder, with a hole and stufilng-box for 
the piston-rod to slide through, and admitted the steam above the 
piston, so as to act on it in place of the atmosphere, he also en- 
closed the steam cylinder in another of wood, or of some other non- 
conducting substance, to prevent the radiation of heat, and admitted 
steam between them. 

Watt patented the use of a separate condenser in 1769, and in 
1776 succeeded in obtaining a duty of 21,000,000 from an engine 
erected at Soho. 

Various other mechanical improvements were made by Watt; 
in 1784 he patented the beautiful arrangement of levers known as 
the paraUel motion, and applied the governor, with a throttle 
valve for regulating the motion of the engine. He also introduced 
the method of working steam alternately on either side of the 
piston, the engine thus becoming double instead of single-acting. 

The principle adopted by Watt, in granting licenses to use his 
invention, was to receive one-third part of the saving of coal 
effected by his engines, when compared with an atmospheric 
engine, doing the same work with similar fuel. Accordingly, in 
1778, a committee, consisting of gentlemen and agents connected 
with Cornish mines, together with Messrs. Boulton and Watt, 
made a trial of two atmospheric steam-engines at Poldice, in 
Gwennap, and reported their duty at 7,058,262, which was after- 
wards considered the standard of JNTewcomen's engines. The saving 
of coals was determined by means of a train of wheels, denominatea 
a counter, so attached to the engine as to register the number of 
strokes performed. 

The application of the expansive power of steam was suggested 
by Watt, in 1769 ; introduced by him, in 1776, at Soho, and in the 
following year at some water-works near London. Homblower, 
however, m 1781, invented the double-beat valve, took out a patent 
for working steam expansively, and may be considered as the first 
who brought this subject into public notice. He was also the first 
who employed two cylinders, since known as the combined cylinder- 
engine. The steam was admitted so as to elevate or depress the piston 
in the first or smaller cylinder, and then allowed to operate by its 
expansion on the larger piston in the second cylinder. The steam 
employed by Watt was what is termed low-pressure expansive ; 
but in 1802, Trevithick and Yivian obtained letters patent securing 
the application of high-pressure principles in the steam-engine. 
In 1806, one of these engines was used at Dolcoath Mine for draw- 
ing ores ; and about this period the idea occurred to Trevithick to 
employ steam of high pressure in Boulton and Watt's pumping- 
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engine, and subsequently expanding it down to the usual density. 
This method, however, was not adopted until 1812, when he tried 
it at Wheal Prosper. The pressure of steam on the boiler of this 
engine was 40 As per square inch, and was cut off in the 
cylinder at one-tenth of the stroke. In 1810, Woolfe introduced 
the working of high-pressure steam in a small cylinder, and expand- 
ing it into a larger one of four times the capacity ; and in 1814, he 
obtained a duty of 34,000,000, which was increased to 57,000,000 
in May, 1816. In 1815, Trevithick took out a patent for his 
plunger, or pole-engine, and applied the invention at the Herland 
Mine. This engine did not answer his expectations ; and at a 
subsequent period Mr. Sims entered into an arrangement for the 
use of the invention. By combining Trevithick' s pole with 
a Boulton and Watt engine, Mr. Sims realised a duty, in 1817, of 
49,900,000, from an engine at Wheal Chance. Several of these 
machines were erected, but ultimately superseded by single-acting 
engines, in which the steam was employed at a higher pressure, 
and worked more expansively than had been hitherto done. In 
1825, Captain Grose erected a 60-inch cylinder at Wheal Hope, 
and by a system of clothing, to prevent radiation of heat, raised 
the duty to 62,000,000, which he further augmented to 87,000,000 
in an 80-inch cylinder engine he erected at Wheal Towan, in 
1828. This machine was very carefully arranged and constructed, 
and combined all the important features of the Cornish engines 
employed at that time. The following table, by Mr. Enys, contains 
several particulars connected with each kind of engine : — 



Ehglnks. 


Nbwcomew's. 


Watt's 

low-pressure, 

(often expansive.) 


Watfs 

high-pressure, 

expansive. 


Largest cylinder in inches 

Load in pounds per square inch 
Period of use 


77 

6 to 74 

1720 to 1778 

3 to 7 

90 


63 double 

6to9 

1778 to 1812 

12 to 9 
/ 19i in 1793 ) 
1 17i in 1798 
200 


90 single 

3 to 18 

1812 to 1888 

20 to 93 

about 60 

290 


Highest duty in million pounds 
Average duty in million pounds 
Depth of Mines, in fathoms 



In 1835, Messrs. Lean estimated the number of pumping- 
engines employed in Cornwall, at 104 ; stamping-engines, 14, and 
winding-engines, 66; together, 184. These annually consumed 
69,569 tons of coal, value £59,125. Had no improvement been 
effected from the year 1814, the weight of coal employed would 
by estimation have amounted to 168,745 tons, worth £143,433 ; 
snowing a saving in fuel of the value of £84,300 per aonLwx&i^ 
from mechanical and other improvemeiit^ ^to^t^^^^y^^^ Taa.^'e. 
during a period of twenty years. 
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The modus operandi of the Cornish engine is as follows : — A, 
cataract, or mechanical appliance, is connected with the valve 
gearing, and so set as to control the speed of the engine. In 
single-acting engines, steam from the boiler acts only on one side 
of the piston, whilst the other is open to the condenser. "With 
the admission of steam, the motion of the piston commences, which 
at the same time lifts a considerable counterpoise depending from 
the opposite end of the main beam, known as the pump-rods. 
After the steam has been admitted through the requisite space, 
the admission or steam valve is shut, and the movement of the 
piston is continued to the termination of the stroke by the 
impetus communicated to it at the commencement of its course, 
and by the expansion of the steam. Consequently, from the period 
of cutting it off the velocity of the piston decreases to the end of 
its course, whilst the resistance remains the same. 

At the end of the stroke, the outlet or eduction valve closes, and 
the equilibrium, or valve between the upper and lower portions of 
the cylinder, opens, allowing thereby the steam above the piston 
to expand on its under side; thus establishing an equilibrium 
between the two faces of the piston. At this moment, the pump- 
rod or counterpoise begins to descend, and brings the piston 
to the top of the cylinder. When the piston has nearly attained 
this position, the equilibrium valve shuts, and the steam intercepted 
at the top of the piston is gradually compressed until the engine 
is brought to a state of rest. The steam and outlet valves are 
again opened by the action of the cataract, and the motion is 
thus continued. 

The cylinder in the Cornish engine is fixed in such a position, that 
the condensed steam in the jacket can return to the boiler. A tem- 
perature in the latter of 284° was only lowered 7°* in the jacket, so 
well was it protected by clothing. Little waste of steam is caused 
by intermediate space between the valves and piston, since the 
former are fixed as close to the cylinder as is possible. The whole 
amount of friction, including imperfect vacuum, is found not to 
exceed 3^ lbs. per square inch. In many machines the steam is 
wire-drawn on its entrance into the cylinder ; it being urged, that 
if ib were admitted on the piston beyond a certain pressure, the 
impact would be liable to injure the working parts. There is, 
however, no valid justification for the employment of this system, 
since we have only to increase the size of the pipes and valves 
to obtain an equal effect with steam of less pressure in the boiler. 

Some idea of the magnitude of Cornish pumping-engines may be 
p:athered from the following particulars furnished by Mr. Browne ; 
Austen's engine, Fowey Consols, December, 1856 : — Cylinder, 80 

* Wickstoed on \iie CJormda.'EiQi^^. 
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inches diameter ; stroke in cylinder, 10 feet 4 inches ; stroke in 
pump, 9 feet 3 inches, drawing six lifts, three 15 inches each, one 
13f* inches, and two each 12 inches diameter; making a total 
length of 183 fathoms. The load equal to 13*8 ibs per square 
inch, or 34 tons on the piston, moved 148 feet per minute. 
The quantity of water delivered in the same time was 583 gallons. 
Actual horse-power employed, 154*4, and weight raised by the 
consumption of 112 lbs. of coal, 99,100,000 lbs. The quantity of 
water delivered from the Cornish mines in 1837 was estimated by 
Sir Charles Lemon to be 37,000,000 tons. The pitwork of Davey's 
80-inch engine at the Consolidated Mines was estimated by 
Mr. Enys in 1837 at £5,236; weight of fixed pitwork, 211 
tons; weight of moving work, 295 tons; length of pump-rod, 
290 fathoms ; quantity of w^ater discharged per minute at pump- 
head, 78 J gallons ; number of boilers, three ; length 37 feet ; outer 
diameter, 6^ feet ; inner diameter, 4 J feet ; area of fire surface, 
120 square feet ; flue surface, 2,750 square feet ; area of each 
fire-grate, 17 feet; water space within the boilers, 1,700, and 
steam space 370 cubic feet ; consumption of steam, from 500 to 
800 cubic feet per minute ; pressure of steam on piston at com- 
mencement of stroke, 80 tons, and at termination of stroke, 18 
tons ; load lifted, 38 tons. 

Messrs. Harvey of Hayle are, perhaps, the most celebrated 
makers of these machines ; and among tL; engineers at present 
actively engaged in maintaining the reputation of the Cornish 
engine, may be mentioned Captain S. Grose, Messrs. Hocking and 
Loam, Mr. James Sims, and Mr. William West. The skill and 
talent of all these gentlemen is unquestionably great, whilst the 
spirit of rivalry which actuates each for the production of the best 
engine is not only commendable, but at the same time highly 
beneficial to the mining interests of the world. 

DUTY or stejlM engines. 

The term " duty " was first employed by Watt to signify the 
nett effect resulting from the consumption of a given quantity of 
coal. In Cornwall, the diameter of the cylinder of a steam-engine 
is usually employed to convey an idea of its power; but its 
economic performance is invariably determined in relation to the 
quantity of coal consumed to produce a given effect. This expres- 
sion may be formulated as the amount of force and weight of water 
lifted, multiplied by the space through which it acts, divided by the 

weight of coal consumed ^ ^ Messrs. Boulton and Watt 

appealed to this test of the efficiency of t\ie\t 6Vi^\i^'?^^ ^^^weii. 
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engaged in ascertaining the saving of coal due to their invention, 
and referred to it in all disputes respecting their legal rights. 
"Watt also invented a counter to record the number of strokes 
made by an engine : this was usually attached to the main beam. 

On the expiration of Watt's patent, about the year 1800, the 
duty of the best engine in operation was 20,000,000, which, if 
compared with the result rendered by the best of Smeaton's 
engines in 1772, viz. : 9,450,000, will snow an increase of about 
100 per cent. This may be set down as the economic value of the 
improvements effected by Watt under his various patents. On 
his retirement from Cornwall he withdrew most of his skilled 
workmen, in consequence of which a general deterioration of duty 
occurred. In the year 1811, Mr. Joel Lean formed the idea of 
reporting the performance of the Cornish engines, and during that 
year issued his first " Engine Eeporter." At the onset few engines 
were noticed ; but by degrees the practice was recognized as 
extremely valuable, and ultimately a large number of engines 
were included in the list. This proceeding, although of a simple 
character, has been the means of conferring vast benefit on the 
mining interest, and of greatly economizing the coal production 
of the country, since it stimulated such men as Trevithick, 
Woolfe, and Grose, to effect those valuable improvements which 
constitute the great excellency of the Cornish engine. The pro- 
gressive " duty " has been most ably traced by Mr. Taylor, from 
the time of Smeaton down to the year 1828. He shows that 
practical experience did more than scientific research in attaining 
the high economy of fuel which has been the result ; and that 
this was mainly effected by the use of high- pressure steam ex- 
pansively employed, introducing Trevithick' s boiler, and clothing 
the steam pipes and cylinder with a non-conducting material . 

The following table shows the periodical increase of duty from 
1813 to 1856 :— 



Year. 


Approxiinate 

No. of engines 

reported. 


Avergae datyof ths 
whole. 


Average duty of the best 
engine. 


1813 
1823 
1833 
1838 
1843 
1848 
1856 


24 
45 
57 
61 
36 
27 
24 


19,456,000 

28,156,162 

46 142,466 

48*700,000 

60*000,000 

53*166,600 

4,7*000,000 
» 


26,400,000 
42,122,000 
83,306,100 
84,200,000 
96,100,000 




■ 1 ■ ft 



^ — — ■ ■ ^ » ^^^^^^mmm^m^ 

For some years the duty has been rather on the decrease ; but 
pbia appears to be due in some measure to tbe use of inferior coal : 
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good workmanship has apparently attained its practical limit; 
whilst it has not oeen thought advisable to alter in any essential 
degree the proportions of the engine, or the pressure of the steam 
employed. In 1838, the Messrs. Lean reported the average duty 
of 61 pumping engines as amounting to 48,700,000 lbs. of water 
raised 1 foot high by the consumption of 94 ibs. of coal; and 
for the year 1856 Mr. Thomas Lean reported 24 engines as having 
consumed 19,578 tons of coal, which raised 160,000,000 tons of 
water 10 fathoms high, being 56,000,000 5>s. lifted 1 foot high 
per 112 lbs. of coal, or 47,000,000 ft>s. raised throughout the same 
space by the consumption of 94 5)s. of that fuel, shewing a decrease 
18 years later of 1,700,000 B&s. per bushel. A report of 22 pump- 
ing engines for 1856 has also been made by Mr. Browne, of Saint 
AusteU, who gives an average duty of 35 J millions of pounds raised 
one foot high by the consumption of 112 B5s. of coal. His system 
of reporting is, however, dissimilar to Mr. Lean's, and consequently 
the relation between the two results is not apparent. 

The following is a schedule of the columnar arrangement of the 
two reports : — 



Mr, Lean, 

1. Mines. 

2. Time. 

3. Size of engines. 

4. Length of stroke in cylinder. 

6. Number and description of 
lifts. 

6. Depth or length of lifts. 

7. Diameter of plunger. 

8. Diameter of water-way in 

clack. 

9. Diameter of pumps in the 
column. 

10. Load in pounds lifted. 

11. Load per square inch on 
the piston. 

12. Number of strokes. 

13. Actual horse-power em- 



Mr, Broume, 

1. Mines. 

2. Size of engines, and their 
power. 

3. Date of make of engines, 

and engineers' names. 

4. Stroke in cylinder and 
pump. 

5. Number and description of 
lifts, and diameter of pumps 
in columns. 

6. Depth or length of lifts. 

7. Square inches in water way 
of clack. 

8. Load in pounds lifted. 

9. Load per square inch on the 

piston. 

10. Number of strokes per 

minute. 

11. Gallons of water drawn per 
minute. 

12. Cwts. of coal consvLm^^* 

13. Mai\0TO\\^?i.Yl<^^OKV5g^^^ 
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14. Consumption of coals in 
cwts. (112 lbs.) 

15. Consumption of coal per 
horse-power per hour. 

16. Millions of pounds lifted 

1 foot high by consuming a 
cwt. of coal. 

17. Average quantity of water 

drawn per minute. 

18. Bemarks, and engineers* 

names. 



14. Actual horse-power em- 
ployed. 



16. Hourly consumption of coal 
per horse-power. 

17. Oil and tallow consumed. 

18. General remarks, and en- 
gineers' nameB. 



The effective horse-power is determined by Mr. Browne accord- 
ing to the following scale : — 





Diameter of 
Cylinder. 


Load per Bqnare inch 
on piston. 


Velodty Effective 
in feet | velocity 
jper J in feet per 

minute, minute. 

1 


SiTiiylfi 6Tifi4n6s ••.. 


Inches. 
60 and above 
45 to 60 
30 to 45 
30 and imder 


lbs. 

15 

16 

17 

18 

10 
1 5 on large piston 
7i on each piston 


220 
220 
220 
220 
250 
220 
250 


110 
110 
110 
110 
250 
110 
250 


ditto 

ditto 


ditto 


Double enfidne 


Combined pumping engine 
ditto rotary 



Mr. Erowne further says: — "The horse-power is taken at 
33,000 fes. lifted 1 foot high, and the actual horse-power employed, 
Ac, at this rate per minute. The length of the lifts is given 
without any allowance for head water ; but to all forcing pumps 
one-half of the stroke is added in making up the duty. "When 
the steam boilers are left uncovered for th^ purpose of drying the 
men's clothes, the following deductions are made from the actual 
consumption of coal : — 

Engines working under 2 strokes per minute -^th. 

„ 2 and under 3 „ ^th. 

« 3 „ 5 „ ^th. 

„ above 5 „ .^th. 

The variation in the quality of coal, even from the same pit, is 
great ; and the economy in attending to this will be found from 
one-twelfth to one-fifth of the consumption." 
According to the principles eii\mc\a\«Q^\xv^c\i<&ioT^%ici\Ti^\^^^ 
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meat, particulara of the twenty-two engines reported by Mr. 
Browne, for 1856, are given aa follows ; — 

Average load on piston 42,169 Bis. 

Load per square inch ., 14-8 „ 

Number of strokes per minute 2'9 

Gals, of water drawn per minute by eech engine 173 
Actual horse-power employed per engine ... 42-3 
Millions of pounds lifted 1 ft. per 112 Bis. coal ... 35 J 
Trom a aeries of experiments mado by Mr, Wioksteed, it waa 
found that the evaporative power of Welsh coal differs in the 
proportion of 32 per cent ; Newcastle, large and screened, 19 
per cent ; Newcastle and Welsh miied, 12 per cent ; and small 
Newcastle, 11 per cent, A greater difference was, however, found 
during the late elaborate investigations relative to the economic 
value of coals suited for the Steam Navy, from which the following 
tables are eitracted. 

Table I.^howino the Avebaqb Valdb of Coals took DiFFiBEirr 
Localities, as deduced fbou Expebihbhts mads fob tbb Aduibaltt, 

BT J. ASTHUB PHILLIFS. 



LocsUlj. 


ill 




1 


J 
1 


$ 

III 


ll 


■-1 

1, 




i^ 


%S. 




la 


i:s 


Ml 




41 


If 


fi 


1 


111 


1- 


1^ 




» 














Ayor.of37 aim. from Wales 


9-05 


448-2 


B3-1 


42-71 


flO-9 


1-42 


69 


17 „ Nowcastle 




411'1 


4fl'fl 


4S,S0 


67S 


0-94 




28 „ LancsBhiro 




447-a 


4n-7 


45-15 


7a-fl 


!-42 




8 „ ScoUanc 


7-70 


431-4 


60-0 


49-9B 


73-4 


1-46 




8 „ Derhyshire 


7-SS 


433-7 


47-2 


47-46 


80 -9 


1-01 


19 
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Per cm- 






LocalitJ. 


T^ 


Carb0n 


geo. 


Nitro- 
gen. 


pW. 


Oij-geD 


A.h. 


bjcacb 


























\1"> 


.of36Ba[D.lromWalei 


1-316 


83-78 


4-79 


(1-98 


1-4H 


415 


4-91 










i-2sa 


82-12 


R-fH 


l-3fi 


l-'U 




a-77 








2S „ Lanoaahira 


1-273 


77-90 


5-32 


1-H(I 


1-44 


9-53 




60-22 








1-259 


78-63 


6-«l 


I'UIJ 








--" 


7 „ DerbjBhire' 1-292 


79-681 i-94 


1-1\ \-Q\\ \tl-'ia\ t^^X W.-SfL\ 
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It may be remarked that no increase has been effected in the 
economical performance of the Cornish pumping engine for many 
years ; nor, indeed, can any of a marked character be expected 
until steam of a higher pressure and expanded in a corresponding 
degree be employed. For accomplishing this object a longer 
cylinder will be advisable, and such modifications must be made 
in the valve gearing and mode of admitting steam on the piston 
as shall in a great measure avoid impact, and at the same time 
yield all the advantage due to high tension. To a certain extent 
the gearing may likewise be rendered less expensive, thereby 
economizing the original cost. 

This idea is already gaining ground among the Cornish engineers, 
and one of them has proposed to do away with the parallel motion, 
by running the piston-rod in guides ; he also proposes to fix the 
steam-valve on the cylinder cover, and the equflibrium in the 
piston, as well as to work steam expansively on both sides of the 
piston, instead of on one side only. Whether these suggestions 
are in accordance with true economy, may be lefb to individual 
opinion ; but a good engine should, undoubtedly, be distinguished 
by simplicity of construction, cheapness of first cost, and current 
maintenance, smoothness of action, ease of management, and 
economy of fuel. Or, in other words, a good engine should be 
so constructed as to ensure a high duty, and at the same time be 
so well-proportioned as to be light, and yet sufficiently strong to 
withstand any shock or strain it may be liable to experience. It 
might also be found advantageous to superheat the steam before 
admitting it into the cylinder ; since any vesicular water would 
thus be volatilized, and all loss from condensation be avoided. 

PEOPEETIES OF STEAM. 

The elastic force of steam is the most powerful and important 
mover of machineiy yet discovered. It is produced at all tempera- 
tures, and possesses a certain mechanical force even at 32° Fab. It 
does not, however, become available for practical purposes until it 
has acquired a tension equal to a pressure of 15 fes. per square inch 
on the enclosing vessel 

1. — The force of steam depends upon the pressure imder whicli 
it is generated. 

2. — The elastic or mechanical force of watery vapour increases in 
a greater ratio than its temperature. 

3. — The volume of steam derived from one cubic inch of water 

at a pressure of 15 %s. per square inch becomes nearly 1,700 

cubic inches ; but each addition of external pressiu'e diminishes 

the volume of steam, although, cauoim.^ ife to wtt through smaller 

Bpacea with an increasing force. 



\ 



'4.-*^The vdocity of ste^m flowing into a vacuum is cpasiderecl 
to he equal to that of a bodj of the same density falling through a 
distance equal to the height of a column of steam correspondi4g to 
the given pressure. At 15 Rs. pressuire this velocity 19 rated ^t 
1,856 feet per second ; but due .^ijQ/Qwance ipust at the same time 
be made for fiiction, &c. 

5. — The expansive force of steam is veiy nearly inversely as the 
space a given quantity is made to occupy. 

6. — ^The total amount of heat in saturated steam is not a constant 
quantity; but as the temperature becomes augmented 30*5 per 
cent, of such augmentation is due to an addition of heat, and the 
remaining 69*5 to heat that was previously latent. 

7. — The weight of steam is that of the water it contains j but 
the force and weight increase in different ratios. 

Stationary steam-engines are either high-pressure or condensing. 
In the former, the steam is admitted upon the piston at a greater 
pressure than that of the atmosphere, whilst the other side is 
in communication with it. The piston of a condensing engine 
is, on the contrary, entirely excluded from atmospheric contact, 
otherwise than that which may act against it through the non- 
production of a complete vacuum. For mining purposes, pumping 
engines are made either single or double acting. In single- 
acting engines the steam acts only on one side of the piston, motion 
being produced in an opposite direction by a counterpoise ; whilst 
in the double-acting engine, steam &om the boiler is admitted 
alternately on both sides of the piston. 

BTTLSS AND TABLES. 

To convert degrees of the Beaumiur thermometer into Pahrenheit, 
multiply the degrees of Eeaumur by 9, divide by 4, and add 32 
to the result. 

To convert degrees of Centigrade into Fahrenheit, multiply 
the degrees of Centigrade by 9, divide by 5, and add 32 to the 
quotient. 

JEop. 1. — Enquired to convert 40° Eeaumur into Fahrenheit. 
40x9 ^ ?60 ^ Q^. ^^^j^ gQ _^ 32 ^ 122° Fah. 
4 4 

JEa, 2. — ^Eequired to convert 65** Centigrade into Fahrenheit 
degrees. 

65^<_9 ^ 495 ^ gg. then 99 -f 32 = 131° Fah. 

The foregoing rules apply to temperatures above 32° Fah., or 
0^ on the Eeaumur and Centigrade scales. 

When the temperature is below tTiefeeei.m^^o\xi\i^'*^Ts>L>S^iiM^ 

^ 7. 
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and divide the given degrees as before, if they are Beaumur's 
degrees, and less than — I45®, or Centigrade and less than IT-J** ; 
subtract the quotient from 32**; the result will be the degrees of 
Fahrenheit above 0°. 
Ex, 1. — Convert — 6^® Eeaumur into Fahrenheit. 

32 — ^i-~-^ = 32 — 12 J = 19i° Pah. 

Ex. 2. — Convert 7^° Centigrade into Fahrenheit. 

32 — Zi_^ = 32 — 13 = 19^ Pah. 
5 

But if the given degrees are not less than 14J° or 17-J® respec- 
tively, subtract 32** from the quotient ; the remainder wiU be the 
degrees of Fahrenheit below 0° . 

Ex, 1. — Convert — 24° Eeaumur into Fahrenheit. 

?i-^ = 64 ; then 32 — 54 = 22° Fah. 
4 

Ex, 2. — Convert — 30° Centigrade into Fahrenheit. 

?^-^ = 64; then 32 — 64 = 22° Fah. 
o 

Latent Heat. — To find the total heat of steam, ^^'From the 
apparent heat of the steam subtract 32° x '305, and add 1123-7; 
tne sum is the total latent and combined heat in Fahrenheit's 
degrees. Or, multiply the heat of steam Centigrade by 'SOS, and 
add 606*5 ; the total is the latent and combined heat Centigrade. 

Ex. 1. — ^Eequired the total heat in steam of 230° Fah. 
230 — 32 X -305 + 1,123*7 = 1,184° Fah. 

Ex, 2. — Eequired the total heat in steam of 180° C. 
180 X *305 + 606-5 = 661*4 Centigrade. 

To find the power of water in the form of steam. — 1st. Multiply 
the pressure in fes. per square inch by the relative volume of 
oteam to water, and divide by 12 ; the quotient will give the Rs. 
raised one foot by one cubic inch of water as steam. 2nd. Multiply 
the lbs. pressure per square foot by the relative volume of steam to 
water for the Bbs. raised one foot high by one cubic foot of water 
as steam. 

Ex. — Eequired the power of water as steam equal to 30 fcs. per 
square inch, its relative volume being 883. 

Here, 30 x 883 -f- 12 = 2,207 raised one foot by one cubic inch 
of water ; or 30 x 144 in. x 883 = 3,814,660 fts. raised one foot 
by one cubic foot of water. 
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Htpebbolio Looabithms. 



Nnm. 


Nap. 
Log 


Nmn. 


Nap. 
Loft 


Num. 


Nap. 
Log. 


Nam. 


Nap. 
Log. 




1-05 


•049 


3-66 


1-267 


606 


1-800 


8-66 


2146 




1-1 


•096 


3-6 


1-281 


6^1 


1-808 


8-6 


2-162 




1-16 


•140 


3-66 


1-296 


6^16 


1-816 


8^66 


2-168 




1-2 


•182 


37 


1-808 


62 


1-824 


8^7 


2163 




1-26 


•223 


3-76 


1322 


6-26 


1-883 


8^76 


2-169 




1-2 


•262 


3-8 


1336 


63 


1-841 


8-8 


2176 




1-35 


•300 


3-86 


1^348 


636 


1-848 


8-85 


2-180 




1-4 


•336 


3-9 


1^361 


6^4 


1-866 


8-9 


2-186 




1'46 


•372 


3-96 • 


1^374 


6-46 


1-864 


8-96 


2-192 




1-6 


•405 


4-0 


1^886 


6^6 


1-872 


9^0 


2-197 




1-56 


•438 


4-06 


1-399 


6-66 


1-879 


9-06 


2-203 




1-6 


•470 


41 


1-411 


66 


1-887 


9-1 


2^208 




1-65 


•500 


416 


1423 


666 


1-896 


916 


2^214 




1-7 


•531 


4-2 


1^436 


67 


1-902 


9^2 


2-219 




1-75 


•660 


4-26 


1-447 


676 


1-910 


9-26 


2-225 




1-8 


•688 


4-3 


1.459 


6-8 


1-917 


9^3 


2-230 




1-85 


•615 


4-36 


1-470 


6-86 


1-924 


986 


2236 




1-9 


•642 


4-4 


1-482 


6-9 


1-931 


94 


2-241 




1-95 


•668 


4-46 


1-498 


6-95 


1-989 


9-46 


2-246 




2-0 


•693 


4-6 


1-604 


7-0 


1-946 


9-6 


2^251 




2-06 


•718 


4-56 


1-516 


7-06 


1-953 


9'66 


2257 




21 


•742 


4-6 


1-526 


7-1 


1-960 


9-6 


2-262 




2-15 


•765 


4-66 


1-637 


7-16 


1-967 


9^65 


2^267 




2-2 


•788 


4-7 


1-648 


72 


1-974 


9^7 


2-272 




2-25 


•811 


4-76 


1-558 


7-25 


1981 


9-75 


2-277 




2-8 


•833 


4-8 


1-569 


7-3 


1-988 


9-8 


2-282 




2-86 


•854 


4-86 


1-679 


7-36 


1-996 


9-86 


2-287 




2-4 


•876 


4-9 


1-689 


7-4 


2-001 


9^9 


2-293 




2-46 


•896 


4-96 


1-599 


7-46 


2-008 


9-96 


2-298 




2-6 


•916 


6^0 


1-609 


7-6 


2-016 


10- 


2-303 




2-56 


•936 


5^06 


1-619 


7-66 


2-022 


16- 


2-708 




2-6 


•966 


61 


1-629 


7-6 


2028 


20- 


2996 




2-66 


•975 


616 


1-639 


7-66 


2^036 


26- 


3-219 




2-7 


•993 


5-2 


1-649 


7-7 


2041 


30- 


3^401 




2-76 


1-012 


5-26 


1^658 


7-75 


2-048 


36- 


3-655 




2-8 


1030 


53 


1^668 


7-8 


2-054 


40- 


3^689 




2-86 


1-047 


6-36 


1-677 


7-85 


2-061 


46- 


3-807 




2-9 


1065 


5^4 


1-686 


7^9 


2-067 


60- 


3912 




2-96 


1^082 


5-45 


1-696 


7-96 


2-073 


65- 


4-007 




8-0 


1-099 


66 


1-706 


8^0 


2079 


60- 


4-094 




8-06 


1-116 


6-55 


1714 


8^06 


2-086 


66- 


4-174 




81 


1^131 


6-6 


1-723 


8^1 


2-092 


70- 


4-248 




816 


1147 


5 66 


1-732 


8-16 


2-098 


76- 


4-317 




8-2 


1-163 


5^7 


1-740 


8^2 


2104 


80- 


4-382 




8-25 


1-179 


6-76 


1-749 


8^26 


2-110 


85- 


4^443 




8-3 


1^194 


68 


1-768 


8-3 


2116 


90- 


4-600 




, 8-35 


1-209 


6-86 


1-766 


8-35 


2-122 


99- 


4-564 




3-4 


1-224 


6-9 


1-775 


84 


2-128 


100- 


4-606 




3-45 


1-238 


5-96 


1^783 


8-46 


2134 


1000' 


6-908 




3-6 


1-263 


6-0 


1-792 


8^6 

1 


2.140 
\ 


k(i^<^^* 


\^*«i^.^ 


\ 
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Hyperbolic logarithms express the areas of the irregular spaces 
or divisions of the rectangular hyberbola, whose conjugate and 
transrerse axes are equal, the area of the rectangle between tbe 
ordinate and abscissa, which is constant, being taken aa unity. 
Common logarithms multiplied by 2-30268 give hyperbolic or 
Napierian logarithms. 

To find the mean pressure of steam on the Piston, — Consider the 
full pressure part as 1, or the imit of the rate of expansion, a&d 
add to it the hyperbolic logarithm of the ratio. This siun multiplied 
by the pressure, and divided by the ratio of expansion, will give the 
mean pressure. 

Ex, — Required the mean pressure of steam on the piston 
throughout a stroke 10 feet 6 inches long, the steam being cut off 
at one quarter of the stroke, and the initial pressure of steam being 
80 &s. per square itich. 

Hyp. Log. of 4 = 1-386 + 1 = 2-886 x 80 -f- 4 = 17-8 fts. 
mean pressure. 

To find the velocity due to a given pressure of steam floioing iiHto 
a vacuum, — Add 4*29 to the pressure in lbs. per square inch, deduct 
the common logarithm of this sum from the logarithm of the 
pressure, and to one-half the remainder add 3*3254, the natural 
number of this sum will be the velocity in feet per second. 

Ex. — Eequired the velocity with which steam of 130 fts. pressuie 
will flow into a vacuum ? 

Log. of 130 (fts. pressure) = 2-1139 
Log. of (130 + 4-29) 134-29 t= 21280 

2)9-9859 






9-9929 
3-3254 



3-3183 = 2,081 
(natural number) feet per second. 

To find the load and horse-power of a steam engine, — Find the area 
of the piston, deduct from this sum the area of the piston-rod, and 
multiply the remainder by the mean pressure ; deduct say ^th for 
friction ; this will give the effective load. Multiply this by the 
effective journey of the piston per minute, and divide by 33,000. 
The quotient will express the horse-power. 

Ex, — Eequired the load in tt>s. which an 80-inch cylinder single- 
acting engine will lift, the piston-rod being 6 in. diameter. Steam 
entering on the piston at 30 fes. per in. and cut off at one quarter of 
the stroke ; length of stroke 10 ft. 6 in., going 6 strokes per minute. 
Also the liorse-power of such engine. 
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80^ X -7854 = 6026-6 in. = area of piston. 
6* X '7854 = 28*27 sq. in. = area of piston-rod. 
6026-6— 28-27 = 4998*3 sq. in. = nett area of piston. 
Hyp, log. of 4 = 1-386 + 1 = 2*386 x 30 -=- 4 = 17*8 
mean pressure. 

4998*3 X 17*8 = 89,368 — ??^ = 71,176 load in fts. 

6 

71,175 X (10*6 x6) = 4,484,026. Then^^^^^ = 135*8 h.p. 

00,000 

Note. — If the engine be double-acting, multiply 135*8 by 2 = 
271*6 horse-power. 

The following approximate rule for determining the horse-power 
is founded upon the assumption that steam enters the cylinder at 
a pressure not exceeding 4 or 5 lbs. per square inch that of 
the atmosphere, and that the piston moves at the average 
l^te of 200 feet per minute, with a tolerably good vacuum in the 
condenser : — 

Square the diameter of the piston in inches, and divide by 28 ; 
the quotient gives the horse-power. To find the diameter of the 
piston necessary for a given power, — multiply the number express- 
ing the power by 28, and the square root of the product will be 
the diameter of the piston. 

To find the duty of a steam engine,* — Multiply the load of the 
engine in ibs. by the number of strokes made in a given period ; 
then multiply this product by the length of the stroke in the shaft, 
and divide by the number of bushels or cwts. of coal consumed : 
The quotient thus obtained will be the duty, or weight raised 1 foot 
high by the consumption of a bushel or cwt. of coal. A bushel 
•weighs about 94 fes. 

Eequired the duty performed by an 80-inch cylinder steam- 
engine, the load in the shaft being 58,564 lbs., length of stroke in 
shaft 8 feet, number of strokes 10,052, coals consumed in a corre- 
sponding period 54 bushels. 

58,564 X 10,052 x 8^ 87,212,641 lbs. lifted 1 foot high by 
94 
the consumption of 1 bushel of coals. 



* The term duty denotes the number of &s. raised 1 foot high by the coh- 
sumption of a given quantity of coal. 
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HOBSE-POWIB OF COBNIBH STBAM EKQUntB. 

The fbUoirliig table hu been mmpUed with the object of Flinilihini' in unpniilnuita nine of Ite 
hors^pQiTeT Tendered bj ComUh panipiiiir eo^liiesf having cjhnaen fram is to 100 IndM 
djuiriet. Tha elemenli aajilojira tar caJculUlon ire thoee luuallj idopted bj Condih at 
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80 


224 
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8-68 
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80 
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3-47 


9-71 


-694 




17 
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3,232 E 




80 
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3-91 


10-96 


■788 




18 




264-46 


3,f!23 6 




80 
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4-39 


12 29 


■878 




19 




283-6E 


4,037 6 




80 


224 
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18-70 


■978 




20 




314-16 


4,473 41 




81 


216 


6'4g 


14-63 


1-219 




21 




346-36 


4,932 41 




31 


216 


fl'OG 


16-14 


1-345 




22 




3S0 1S 


4 3 4) 




81 


216 


6 62 


17-71 


l-47fl 
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81 
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7 26 


19-36 
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81 
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1-766 




2S 


9-6 


490 3 


6 989 41 




861 


200 


9 05 


21-17 


2-oia 
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27 
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86 
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10 68 
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28 
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B16 f 
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S51 
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29 
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28-50 
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754 7e 
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80 
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32 
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80 
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80 


200 
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Si 




907 9 
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86 


10 
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16 60 
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4-151 




36 


10 


: 1 8 


44 4 




80 


200 
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37 


10 


1075 2 


^ 4 




80 


200 
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10 
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4-89} 




se 


10 


1194 5 
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80 
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41 
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80 
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42 


10 
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2 
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10 
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61 


10-5 
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62 
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63 
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84 


200 
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64 
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84 
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14-676 




66 
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47,2Sa 






84 
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66 
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3421-2 


48,7!6 






84 


200 


63-00 


147-63 


15-600 




67 


10-6 


3626-6 


60,204 






84 


200 


63-89 


152-13 


16-974 






10-5 


3831-6 


61,712 






84 


200 


65-81 


156-70 


18-453 






10-6 


3739-2 


63,246 






84 


200 


67-76 


161-36 


16-941 




70 


11 


3848-4 


64,800 






83 


198 


73-06 


164-40 


18-266 




71 




396S'2 


56,379 






88 


198 


75-17 


169-13 


18-793 




72 


11 


4071-5 


67,978 








198 


77-30 


173-93 


19-326 




73 




4185-3 


B9,B98 








198 


79-46 


178-79 


19-866 




7* 




4300-3 


61,240 








198 


81-65 


183-73 


20-413 




75 




4417-8 


62.909 






88 


198 


83-87 


188-73 


20-969 




76 




4536-1 


64,692 






88 


198 


8612 


193-77 


21-630 




77 


11 


4656-6 


66,310 






88 


198 


88-41 


198-93 


22-108 




78 
7fl 


n 


4778-3 
4901-e 


68,036 
69,798 








198 
198 


90-71 
93-06 


204-10 
209-39 


22-670 
23-266 




80 


II-5 


6026-6 


71,678 




8 


92 


196 


09-77 


21266 


24-943 




81 


u-s 


5153-0 


73,378 




8 


92 


196 


103-28 


217-91 


25-571 




83 


11-G 


5281-0 


75,201 






92 


196 


104-82 


223-32 


26-206 




83 


11-6 


6410-6 


77,046 






92 


196 


107-39 


228-80 


26-849 




8* 


11-5 


5541-7 


78,913 






92 


196 


110-00 


34-04 


27-499 




86 


12 


5674-6 


80,804 






96 


193 


117-53 


235-06 


29-383 




SB 


12 


5808-8 


82.717 






98 


192 


120-31 


240-63 


30-078 




87 


12 


69*4-6 


84,661 






96 


192 


123-13 


346-25 


30-782 




88 


12 


6082-1 


86,609 




8 


96 


192 


125-B7 


261-95 


31-494 




as 


12 


622M 






8 


96 


]92 


128-86 


367 -71 


32-218 




90 


12 


BSfil-T 


90,590 




8 


96 


192 


131-76 


263-53 


32-941 




SI 


12 


6503-3 


92,614 




8 


96 


192 


134-71 


269-42 


33-677 




92 


12 


66*7-6 


94,661 






96 


192 


13768 


275-37 


84-422 




93 


12 


B792-9 


96,730 






96 


192 


140-69 


281-39 


35174 




94 


13 


6939-7 


98,821 




8 


06 


19a 


143-73 


287-47 


36-936 




S5 


12 


7088-2 


100.926 




8 


96 


192 


146-80 


293-60 


36-700 




96 


]3 


72382 


103,071 




8 


96 


192 


149-92 


299-84 


37-480 




97 


12 


7389 8 


105,230 






96 


192 


153-06 la!i!,-\1 






9S 


12 


7642-9 


107,410 




6 


fi6 


Wi 


V'4-^TO 




99 


12 


769T-T 


I0fl,fll6 




3 


dS 


XVil 


%V'i-'>.' 


jlflO 1 13 j 7854-0 1 


UiMo 




8 


»« 


\\S^ 


\\<i1-M X-it^ 


%^ X-ia- 
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SXFLAKATIOK OF TABLE. 

Initial pressure is the full pressure of steam per aauare inch, 
acting on the piston previous to the closing of steam-valve. 

JFuU pressure of steam one-fourth of stroke, implies that when 
the piston has progressed through one-quarter of the length of its 
course, the steam- valve closes, leaving the remaining portion of the 
stroke to be performed by the impetus which the piston has ac- 
quired, and by the expansion of steam. 

Mean pressure of steam expresses the average pressure of 
steam throughout the stroke, and may be found by considering the 
full pressure as 1, or the unit of the ratio of expansion, and adding 
to it the hyperbolic logarithm of the ratio. This multiplied by the 
pressure, and divided by the ratio of expansion, gives the mean 
pressure throughout the stroke. 

JVote. — The deduction of one-fifth from the mean pressure is an 
allowance for the power absorbed in effecting the movement of 
the whole machine, and for which deduction is made from the 
mean pressure to establish an elementary number, so as to 
avoid the deduction of one-fifth in each calculation. 

Load in lbs., signifies the pressure, power, or force of steam 
on the piston, less the allowance for friction, to overcome an equal 
resistance opposed to it ; or, in other words, the weight of water 
lifted, plus friction, is considered to be equal to the power exerted 
on the piston. 

Economical working is intended to express the number of 
strokes per minute at which an engine may be driven so as to obtain 
the maximum effect or duty residting from slow combustion, and 
effective condensation. 

Safe working is considered to be the limit of speed at which 
an engine may be driven, without suffering undue wear and tear. 

The effective horse-power per stroke is given in order to ascertain 
the power due to an engine, from working a greater or less number 
of strokes per minute. 

To find the hourly consumption of coals per horse-power. — 
Eeduce the quantity of coals consumed to pounds, and divide 
that number by the number of hours, the quotient wdll be the 
weight consumed per hour ; then divide by the horse-power of the 
engine, the result will be the number of pounds of coals consumed 
per horse-power. 

J^a?. — An 80-inch engine, working at 135 horse-power, con- 
sumed 1,650 bushels of coals in 480 hours. Required the quantity 
of coals consumed per horse-power per hour. 

1,550 X 94 = 145,700, ^ 135 = 1,0792 

l,07d'2 -7- 480 = 2*248 Bbs. per horse-power per hour. 
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COMBIKED-OTLIKDEB EiTGiNES — Tofind ihe 'proportional capacity 
oftJie larger cylinder, when the smaller one is considered as unity: — 

Divide the force of the steam in inches of mercury bj half that 
force, plus 30, and the quotient is the capacity of the larger cylinder.* 

JEr. — Eequired the capacity of the larger cylinder of Hom- 
blower's engine, when the smaller one is 10 inches diameter (100 
circular inches) and 10 inches stroke (1000 cylindrical inches 
capacity), the force of the steam being = 120 inches mercury. 

2)120 

Half the force of steam = 60 

-f 30 



90)120 

The proportion is = 1*33 to 1, or equal to 1,333 cy- 

' lindrical inches for the 

capacity of the larger one. 
Tofind the horse-power of non-condensiny or condensiny com- 
bined cylinder-enyines : — 

Multiply the hyperbolic logarithm, plus 1, of the relative 
capacity of the large cylinder to the small one, by the square of the 
small cylinder's diameter, and the velocity of its piston in feet 
per minute. Then multiply this product by the absolute force of 
the steam in pounds per circular inch, and divide by 33,000 for the 
horse-power of the combined cylinder. 

^a?. — Eequired the power of the Hornblower's combined cylinder 
engine before-mentioned, the small cvlinder being 10 inches diam- 
eter, the velocity of its piston 100 feet per minute, the absolute 
force of the steam upon it 120 inches of mercury = (120 x 385) 
46*2 Bbs. per circular inch, and the relative capacity of the large 
cylinder to the small one 1*33 to 1. 
The hyperbolic log. -|- 1 of 1*33 = 1*2851789 
X by square of 10 100 

128-51789 
X velocity 100 



12851-789 
X by lbs. per circular inch 46-2 



33,000)593752-6518 



17-992 or nearly 18 h. p. 



Tredgold on the Steam-engme. ]^p. 1^^ «xA ^"^^ 
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To Jind the point at which Heam should he cut off to obtain 
the greatest amortnt of effective work: — 

Divide 24,250 by the pressure per square inch on the piston, and 
add 65 to the quotient ; then divide 24,250 by the useless resistance, 
and to this quotient add 65 for a divisor ; the quotient arising from 
dividing the former by the latter, multiplied by the length of the 
stroke, will give the point of the stroke at which the steam must 
be cut off to yield the maximum amount of useful work. 

Ex, — Required the point of the stroke at which steam must be 

cut off to afford the largest amount of useful work, the length of 

stroke being 12 feet, the pressure upon the piston 35 fts. per square 

inch, and the vacuum resistance, together with the friction of the 

engine = 4fts. 

24 250 
-^ = 692-85 4- 65 = 757*85 

24,250 = 6062-5 + 65 = 6127-5 

35 
757-85 = 0-102 x 12 = 1-224 feet at which steam must be 
6127-5 ciit off. 



Table, showing the approximate amount op Saving in Fuel resulting 

PROM WORKING STEAM EXPANSIVELY.* 



If the steam is cut 


The volume by 


The effect is in- 


off at — 
\ the stroke ... 

4 >» .. ... 


expansion is — 
doubled 


creased — 
70 per cent. 

2X70=140 do. 


quadrupled 


8 •» 


3 times doubled 


3X70 = 210 do. 


1 


4 times doubled 


4X70=280 do 


1 
»T n 


5 times doubled 


6X70=360 do 



And the saving 
in fuel is — 

41 percent. 
68 „ I 

68 
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Faballel Motion. — The following rules and practical observa- 
tions, relative to the parallel motion are extracted from Messrs. 
Hann and G-ener's work on the steam-engine : — 

Lever Enaines, — " Having given the length of the levers and 
that of the link which connects them, to find at what point of the 
link the piston-rod is to be attached, so as to move in a vertical 
line nearly." 

" If the lever be of equal length, the piston-rod must be attached 
to the middle of the link." 

" If the lever be unequal, draw a line from the centre of motion 
of the one lever to that of another ; this will cut the link in some 
point ; take the distance of this point from the top of the link and 

* Tredgold. 
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set it off from the bottom of the link ; the point thus obtained is 
that to which the piston-rod must be attached." 

" Multiply the length of the beam from the centre of motion by 
the length of the link for a dividend." 

" Add the length of the beam to that of the radius-rod for a 
divisor." 

" The quotient will be the distance from the bottom of the h'nk 
to which the piston-rod must be attached." 




Parallel Motion. 

" Ux. — Given the length of the beam or lever a b = 6 feet, the 
length of the radius rod e' o' ^ 9 feet, the length of the link b e 
= 6 feet ; find how far from the bottom of the link the piston-rod 
must be put on. 

6 X 5 = 30 = dividend ; 
6 + 9 = 15 = divisor. 

30 o the quotient = the distance e p from the bottom of the 

15 link at which the piston rod is to be attached." 

"If the upper lever be given, and the point in the link where 
the piston rod is attached, to find the length of the lower lever, 
which is generally called the radius rod." 

" As the distance of the point from the bottom is to that from 
the top of the link, so is the length of the upper lever to the length 
of the radius rod." 

"^. — Given the length of the lever a b = 6 feet, the length 
of the link b E = 5 feet, and the distance, e p, jfrom the bottom of 
the link at which the piston rod is attached == 2 feet : find the 
length, e' o', of the radius rod." 

" As the whole length of the link is 5 feet, and e p is equal to 
2 feet, the remaining part of the link must be equal to 3 feet. 
Then by the rule 

2 : 3 : : 6 : radius rod. 

Hence the radius rod = — - — = 9 feet. 

"EuLL Paballbl Motion. — Divide the square of the dis- 
tance of the back link from the centre of motion by the Wj^Jcl 
of the parallel bar^ and the quotient will \>^ >i\i^ \e![i^5kL vii ^^ 
radius rod. " 
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" Ux. — GKven the radius of tlie beam 12 feet, and the length of 
the parallel bar 5 feet ; to find the length of the radius rod." 

" As the length of the parallel bar is 5 feet, the distance of the 
back link from the centre of motion will be 12 — 5 = 7 feet." 

7* = 49 

Hence by the rule -- — — 9| feet, the length of the radius rod. 

" The radius rod being made to work from a stated centre, find 
the length of the parallel bar, and that of the radius rod." 

" Add the distance between the vertical line and the axis of the 
radius rod to twice the radius of the beam." 

"Divide the square of the radius of the beam by the above sum, 
and the quotient will be the length of the parallel bar." 

" If the radius rod be shorter than the parallel bar, divide the 
square of the radius of the beam by the difference instead of the 
sum." 

" The distance between the vertical line and the axis of the 
radius rod, added to or subtracted from the parallel bar, according 
as the radius rod is longer or shorter than the parallel bar, gives 
. the length of the radius rod." 

" Or, add the radius of the beam to the distance between the 
vertical line and axis of the radius rod ; divide the square of this 
sum by twice the radius of the beam, added to the above-named 
distance for the length of the radius rod." 

" When the length of the stroke is taken into consideration, 
subtract the square of half the length of the stroke from the 
square of the radius of the beam, and extract the square root of 
the remainder. To this root add the above radius of the beam, 
and multiply this sum by half the radius of the beam for a dividend." 

"Then add the above root, the radius of the beam, and the 
distance between the vertical line and the end of the radius rod 
together for a divisor." 

"And if the above dividend be divided by this divisor, the 
quotient will give the length of the parallel bar ; and this, added to 
the distance between the vertical line and the end of the radius 
rod, will give the length of the radius rod." 

Bx, — " Given the length of the beam 12 feet, the length of the 
stroke 6 feet, and the distance between the vertical line and the 
end of the radius rod = 4 feet ; to find the length of the radius 
rod." 

" By the rule 12" == 144 and 3* = 9, and 144 — 9 = 135, the 
square root of which is 11*62 nearly." 

" Then 1162 -f 12 = 2362, and 23-62 x 6 = 141-72, which 
is the dividend mentioned in the rule." 

^ ^'Next 11-62 + 12 + 4 = 27-62, t\i© dmsor ; therefore 141-72 
divided by 27'62 gives 6*13, the lengtti oi t\ie ^«bT«KL<^\siw\ v^t^?' 
sequently 5' 18 + 4 = 9-13 feet,\eng;fti o^Taaa^aTo^r 
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'' In the above example, when the length of the stroke is neg- 
lected, the radius of the beam = 12 feet, and the distance between 
the vertical line and the end of the radius rod = 4 feet." 

" Then by the rule we have 12 + 4 = 16, 

and 2 X 12 +4=28. 

« Hence ^^-^^ = ^~= 9-14, which onlj differs 0-01 from 

the above result. If the radius rod be shorter than the parallel 
bar, it is only necessary to use subtraction instead of addition in 
the first rule. Thus, suppose that the axis of the radius rod had 
been 4 feet on the other side of the vertical line, then 12 — 4=8 
and 12 X 2 — 4 = 24 — 4 = 20. ' 

Hence — — — ^= $(\^ ^i = length of the radius rod." 

"Practical Obsebvations. — Since we have given rules for 
finding the length of radius rods, it now becomes necessary to 
show how to put them on." 

" Plumb the piston rod when the piston is at the top extremity 
of its stroke ; then one end of the radius rod being moveable 
about e', with the other end o' describe an arc of a circle. 
Now, bring the piston down to the lowest extremity of its stroke, 
and again plumb the piston rod, and in the same manner as before 
describe another arc of a circle ; and the point where these arcs 
intersect is the centre upon which the end of the radius rod is to 



move." 



(( 



It is a practice among engineers to set the cylinder half the 
vibration of the beam in towards the centre of the beam ; and we 
shall here show how to find the vibration or versed sine of the arc 
described." 

" Erom the square of the length of the beam, taken from the 
centre of motion, subtract the square of half the length of the 
stroke ; and the square root of the remainder, subtracted from the 
above length of the beam, will give the vibration required." 

** Ua. — Given the length of the beam from the centre of motion, 

5 feet ; and half the length of the stroke, 8 feet : to find the 
vibration. 

"Now, 5* = 26, and 8* = 9; then, y (25 — 9) = >/ 16 = 4. 
8 — 4=1. That is, the vibration will be one foot." 

"Therefore, in this case, the horizontal distance between the 
centre of motion and the centre of the cylinder must be 4 feet 

6 inches." 

" When an en^e works with a vibrating pillar, the vibration 
is in an opposite direction, and the centi^ ot ^^ t^t^asvi^ 
pDhw aile must he set half the vibration in towards ^i^ie cjVvcAetr 
''The air-ptimp bucket rod must be hung on at t\ie ijomt tS \ ^^^ 
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the point e' describes the same kind of line as the piston-rod 
describes." 

" To find the length of the connecting rod: " — 

" Set the beam at half stroke, that is, parallel to the horizon ; 
and the distance between the centre of the pin on which the con- 
necting rod is to move and the centre of the shaft, is the length of 
the connecting rod." 

" Some practical men set both the beam and crank parallel to 
the horizon, and take the distance between the centre of the pin 
on which the connecting rod is to move and the centre of the 
crank pin, for the length of the connecting rod." 

" This method has also been given by some writers ; but it is 
incorrect, and when the length is so taken, the connecting rod will 
be found too long." 

Eccentrics. — The length of the lever on the weigh ehaft being 
given, to find the requisite throw of the eccentric : — 

Multiply the length of the stroke of the valve by the length of 
the lever on the weigh shaft for the eccentric rod, and divide the 
product by the length of the lever which works the valve, and the 
quotient will be the throw required. 

Sx, — The stroke of a valve is 6 inches, the lever on the weigh 
shaft 9 inches, and the lever for the eccentric rod 10 inches ; 
required the throw of the eccentric. 

^^ — r^r — = 5'4 inches throw. 

B 




The throw of an eccentric is the difference 
of the distances between a b and a b'. 

Eccentric. 

The throw of the eccentric and the journey of the valve, also one 
of the levers on the weigh shaft being given to find the other: — 

Multiply the throw of the eccentric by the length of lever 
required to work the valve, and divide by the journey the valve 
is to travel, which will give the length of the other lever. Or, — 
Multiply the journey of the valve by the length of lever on the 
weigh shaft for the eccentric rod, and divide by the throw of 
the eccentric, the quotient will be the length of lever for working 

the valve. 

;Ex, — Suppose a valve be required to travel 7 inches, the throw 
of the eccentric being 6 inches, the length of lever on the weigh 
shaft being 12 inches, required the length of the other. 

7jiU^ ^ = 14 inches. 
6 6 
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The Goybenob, ob Eegulatob. — The vertical distance between 
the point of suspension, and the plane in which the balls revolve is 
taken as the height of the governor. 

Then to find the height suited for any proposed number of 
revolutions per minute : — 

Divide the number 375 by twice the number of revolutions per 
minute, and the square of the quotient will be the required height 
of the governor in inches. 

Ua, — ^What should be the height of a governor, if the number 
of revolutions be 40 per minute ? 

40 X 2 = 80 and -^ = 46875 = 21-9 inches. 

Then to find the number of revolutions per minute, the height of 
the governor being given : — 

Divide 375 by the square root of the governor's length, and 
half the quotient will be the velocity required. 

Ua:. — What number of revolutions ought a governor to make 
whose height is 21*9 inches ? 

Safety Yalye. — To ascertain the diameter to be given to a 
safety valve : — 

Find the area of the fire surface, and divide by the excess 
of pressure above the atmospheric expressed in pounds per square 
inch, and the quotient will be the square of the narrowest diameter 
of the valve iu iuches. 

^x. — Kequired the diameter of the aperture of a safety valve, 
for a boiler having 80 square feet of fire surface; pressure 
12 fcs. per square inch above the atmospheric. 

12 --^^ 
v^ 15 = 3-87, or 3-J^ inches. 
It will be prudent to make the aperture rather larger than the 
result found by this rule. 

The lever on the safety 
valve of a steam-engine is 
of the third order. 

It may be required to 
calculate this lever in three 
different ways. 

1st. To find the weight 
necessary on the lever, the 
distance bet ujeen the fulcrum 
and weighty and d\%ta'aQ« o^ 
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ffolvB from centre of motion being given, to overcome any given 
pressure on the valve. 

Ascertain the area of the valve bj multiplying its diameter by 
•7854, then multiply by the number of pounds per square inch 
required upon the valve ; the product will give the total weight. 

Then add together the effective weight of the lever, the weight 
necessary to balance the lever, and the weight of the valve, which 
deduct from the first product. 

Multiply the remainder by the distance between the fulcrum 
and valve ; divide the product by the distance between the fulcrum 
and intended position of the weight ; the quotient will be the 
weight in pounds to be placed at the required distance on the 
lever. 

Ex, — The diameter of a valve is 3 inches, the length of the lever 
from A to B 24 inches, the distance between a and o 3 inches, 
weight of valve 3 lbs., weight of lever 2 lbs., and weight necessary 
to balance the lever at a 4 lbs. ; what weight should be placed on 
the lever at b to give a pressure of 80 fcs. per square inch on 
the valve ? 

32 X -7854 = 9 X -7854 n= 7*06 square inches area of valve. 
7*06 X 30 = 212 lbs. whole pressure on valve. 

Weight of valve. "Weight of lever. Weight to balance vsJve. 

3 lbs. + 2 &s. + 4 &s. = 9 lbs. 

Then (212—9) x 3 203 x 3 «^ «^ ^ 

^^ 24 = 24 "^ ^^'^^ ^®- ^®^g^* 

required to give a pressure of 30 lbs. per square inch on valve. 

2nd. To find where a given weight must he placed upon the lever 
to equal a certain pressure upon the valve, the distance of valve 
from the fulcrum being given : — 

Multiply the required weight per square inch upon the valve 
by its area in inches, the product will give the total weight. 

Add together the effective weight of the lever, the weight 
necessary to balance the lever, and the weight of the valve and 
spindle, which deduct from the total weight. 

Multiply the remainder by the distance between the fulcrum 
and valve, divide the product by the weight in pounds upon the 
lever, and the quotient will give the distance in inches for 
placing the weight. 

Ex, — Suppose, as in the last example, a valve be 3 inches dia- 
meter, weight of valve 3 lbs., weight of lever 2 lbs., weight neces- 
sarv to balance the lever at a 4 ibs., and the distance between a 
and c equal 3 inches, at what distance must the weight* b, equal 
25-37 fes., be placed from a to equal 30 fcs. per square inch on the 
valve P 
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32 X -78541 = 9 X -7854 = 706 inches area of valve. 
706 X 30 ^ 212 fcs. whole pressure upon valve. 

Weight of Talve. Weight of lever. Weight to balance Talve . 

3 lbs. + 2 fts. -f- 4 fcs. = 9 fts. 

Then (212—9) x 3 203 x 3 o^ • i. 

^^ o/»„ — = -iz^tt:^ — = 24 inches. 

25 • 37 25-37 

3rd. To find the 'pressure of steam per square inch acting upon 
the valve ; the distance qf weight, distance of valve from fulcrum^ and 
weight upon lever heing given : — 

Multiply the weight in pounds upon the lever by the distance 
of the same to the fulcrum, divide the product by the distance 
between the fulcrum and the valve, to the quotient add the weight 
of the valve and the effective weight of the lever ; the sum is the 
weight upon the valve in pounds per square inch, 

JEr. — Suppose a weight of 24 lbs. is placed upon a lever 
24 inches from a to b, the distance from a to c being 4 inches ; 
required the weight upon the valve, the weight of the lever being 
6^ fes., the weight of valve being 3 lbs., and its diameter 4 inches. 

24 X 24 Weight of lever. Weight of valve. 

— j-=-= 144 + 6-5 -f 3 = 153 5fts. 
4 

To find area of valve: — 4? x '7854 = 12*56 in. 

163-5 

then 153-5 fts. -^ 12-56 in. = * = 12-22 fts., or 124 fe per 

square inch nearly. 
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Pbhsubb, Tbmpebatubi, and rblatiyb Volumes of Steam to the 
Water phoduoiko it, taking Water as unitt. Bt the Count 
DE Pamboub. 



FkoHura 




Volume 


Prenure 




Volume 


iPrenure 




Volume 


per 


Tempe- 


of 


per 


Tempe- 


of 


per 


Tempe- 


of 


square 


rature. 


water 


iquare 


rature. 


water 


■quare 


rature. 


water 


inch. 




being 1. 


inch. 




being 1 


inch. 




being 1. 


flw. 


Fah. 


No. 


Iba. 


Fah. 


No. 


lbs. 


Fah. 


No. 


1 


102-9 


20954 


88 


265-3 


710 


75 


308-9 


881 


2 


126-1 


10907 


39 


266-9 


698 


76 


809-9 


877 


8 


141-0 


7465 


40 


268-4 


677 


77 


810-8 


372 


4 


162-3 


6695 


41 


269-9 


662 


78 


811-7 


368 


6 
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STEAM BOILERS. 



It would be impossible to determine, with any degree of accuracy, 
the period at whicn a closed boiler was first employed for generating 
steam. Yarious allusions are made by ancient writers to steam ; 
but it is a matter of doubt whether or not this expression sig- 
nified watery vapour. About 160 years B.C., Hero of Alexandria 
wrote his treatise on the "Inventions of the Ancients," and, 
among other matters, described a fire-engine pump. The boiler 
employed appears to have consisted of a simple hollow sphere 
exposed to the action of an open fire. The merit of economising 
fuel by means of an improved boiler is apparently due to Pajjin, 
who m)m the year 1680 to 1709 was occupied in the application 
of steam to various useful purposes. This physician and engineer 
constructed a syphon boiler, and placed the fire in the shorter end, 
thus making the draught pass downward; but by this means 
the fire-bars were so rapidly destroyed, from the high degree of heat 
to which they were subjected, as to cause him to abandon this 
system. He subsequently made another boiler 8 feet by 5, with a 
tubular flue 24 feet in length by 10 inches square, so bent as to 
pass four times through the water, and by this means effected a 
saving of about 76 per cent.r of fuel. The boilers employed both 
by Savery and Newcomen, were inferior to Papin's. In one of 
Savery's engines, erected at Kensington in 1711, the boiler was 
spherical ; but in other machines it is shown with a flat bottom, 
having a circular or dome-shaped top. This was altered by New- 
comen for a haystack boiler which was partially exposed to the 
air; but Beighton afterwards thoroughly encased the boiler in 
masonry. Subsequently to this period various new boilers and 
generators appeared. In 1741, Payne proposed a balloon-shaped 
steam-generator to produce spheroidal steam, which is said to have 
evaporated 8 fcs. of water by 1 fe. of coal. About this time, also, 
Fitzgerald attempted so to combine steam and air in a boiler as to 
effect economy of fuel. In 1769, Brindley attempted to prevent 
the loss of heat from external radiation, by introducing boilers of 
stone and wood, with cast-iron fire-places and flue- tubes. The 
bottom was usually composed of stone, and the top of wood ; whilst 
the arrangement of fire-tubes rendered its i^tvoavjAft ^was^V^ 
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analogous to the modern locomotive boiler. The tubular boiler 
was invented by Blakey, in 1766. In this apparatus water was 
contained in a series of small tubes passing through the furnace, 
over the fire, and around which the not air and gases acted in 
their passage to the chimney. Smeaton's experiments enabled him 
to evaporate 7*88 fes. of water with 1ft. of coal. This engineer 
determined the evaporative values of different varieties of coal, and 
placed the feed-pipes within the flues of the boiler. In addition to 
this, he attempted to improve the evaporative power of his boiler, 
by causing the hot gases to operate upon it through a long circuit 
of flues before entering the chimney ; but he found the draught so 
impaired by this means, that more was lost by imperfect combustioB 
of the fnel than could be gained by the greater length of flue. 
The boiler adopted by "Watt was of a rectangular form, the upper 
portion being semi-cylindrical, the sides concave, and the bottom flat. 
The heated gases from the fire-place traversed the sides and bottom 
of this apparatus, whilst in the larger boilers a central flue passed 
through the middle. From 1784 to 1804, Oliver Evans was 
occupied, in America, in extending the usefulness of the steam- 
engine, and promoting the employment of high-pressure steam. 
Among other inventions, he introduced the cylindrical boiler with 
an internal tube, and constructed a flue under the apparatus^ He 
further economized heat by passing the exhaust-steam through a 
spiral pipe placed in the feed -cistern ; thus elevating the tempera- 
ture of the feed before it entered the boiler. In 1806, Count 
Rumford presented the model of a boiler to the French Institute, 
the body of which was drum-shaped and comprised a vertical 
cylinder 12 inches in diameter and 12 feet in height. This was 
closed at the extremity by circular plates of iron. In the centre 
of the upper plate was a cylindrical neck, 6 inches in diameter 
and 3 inches in height, closed at the top by a plate of copper, 
8 inches in diameter and 1 inch in thickness, fastened down by 
screws. The flat circular bottom of the body of the boiler was abo 
pierced by seven holes, each 3 inches in diameter. Seven cylindrical 
tubes of thin sheet copper, 3 inches in diameter and 9 inches long, 
closed at the lower ends by circular plates, were fixed in these 
holes, firmly riveted, and then soldered to the bottom of the boiler. 
As these tubes were charged with water, and descended from the 
bottom into the fire, they were consequently surrounded on all sides 
by flame : it follows that the water contained in the boiler was eva- 
porated by the consumption of a comparatively small proportion of 
f\iel. When large volumes of steam were required, it was considered 
advisable to employ several of these boilers heated by separate 
fires, instead of using one large boiler heated by a single fire. 
This idea of constructing a boiler with cylindrical tubes, forming a 



WOOLE AND TBEVITHICK. 87 

magazine for water and steam, was amplified by Woolf, who was 
occupied with this subject from the year 1796 to 1815. His first 
project embraced six, eight, or more metallic tubes, placed trans* 
versely across the fire-place and flues, connected by short necks with 
a main receiving-pipe, set immediately over them at right angles. 
The fire acted directly on the first three tubes, and the products of 
combustion then passed alternately over one tube and below the 
next into flues through which the transverse tubes extended, before 
entering the stack. Where high-pressure steam was required, he 
fixed two other smaller cylinders, one on each side, parallel to the 
larger one, and made the main cylinder communicate with the 
smaller one. Another form adopted by Woolf consisted in sub- 
stituting longitudinal for transverse water-tubes, making the fire 
to act under them, and the heated gases to pass between the 
principal cylinder and upper surface of the tubes. The main 
generator did not usually exceed 4 feet in diameter, whilst the 
tubes ranged from 10 to 14 inches. This boiler is known in the 
manufacturing districts as the " French boiler," and is represented 
in the drawing of apparatus for superheating steam. Another 
form of boiler ascribed to Woolf, consists of two cylinders above 
each other, the upper being partially filled with water, whilst the 
lower is entirely filled. 

About 1804, Trevithick proposed the use of the tubular boiler 
for generating high-pressure steam, and towards the close of the 
year arranged to erect one of them in South Wales. It was 
intended to be 24 feet long ; outer shell 7 feet in diameter, fire-tube 
4 feet 4 inches in diameter at the wide end, diminishing to 1 foot 
9 inches at the smaller end. In this form of boiler, the fire is 
introduced into the large end of the tube, and the heated air made 
to circulate through it, then under the boiler, and lastly along 
its sides. 

In 1812, a boiler of this kind was made for WTieal Prosper, and 
since that period its use has not only become general in Cornwall, 
but also in London and the manufacturing districts. Where 
fuel is abundant an ^^ egg-end " boiler is sometimes employed. Its 
form is that of a cylinder with spherical terminations. The fire is 
applied beneath, and flues are formed around it for the circulation 
of the heated products of combustion. 

A modification of Trevithick's boiler has been patented by Mr. 
Fairbaim of Manchester, in his " double-flued and double-fumaced 
boiler." Two fire-tubes are inserted into the shell, which has a 
semi-concentric flue divided at the bottom by a partition of brick- 
work assisting to support the apparatus. A combination of the 
tubular and flue boiler has also been invented by Messrs. W. and 
J . GhiUo way . This is fi>rmed of eoncenttic cjlifiL^jbT^ hiS^ ^ ^^ivv:^ 
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of vertical water-tubes, slightly conical, joining the top and bottom 
of the smaller cylinder. Watt justly remarked that boilers should 
be so constructed as to economize the fuel as much as possible, and 
that it is not either the shallowness or depth of the apparatus that 
produces this effect ; but that they shoula be constructed of such 
a shape as to absorb the greatest possible amount of the heat 
fi;enerated by combustion, previous to its entering the stack. This 
inventor also gave the following rule for determining the value of 
boilers : — " To determine practically the superior economy of one 
boiler over another, the quantity of water evaporated per pound of 
coals should be ascertained, and, where experiments are made upon 
the same boiler, the commercial value of aifferent varieties of coal 
may be most accurately determined." Although numerous modifi- 
cations have been made in .the construction of boilers, yet two or 
three only have been extensively employed in mining practice. It 
is well known that "Watt was an advocate for the employment of 
low-pressure steam, and adhered to the waggon-shaped boiler; 
whilst Trevithick and Woolf preferred steam of a higher tension, and 
adopted boilers with cylindrical tubes. The economic advantage 
resulting from employing high-pressure steam is now admitted by 
a large number of engineers, and consequently the waggon-shaped 
boiler is gradually getting into disuse, and will probably be ulti- 
mately abandoned. The dimensions of a plain 20-horse boiler of 
this construction, without internal flue, and under which the con- 
sumption of fuel was very moderate, were, length 20 feet, width 5 feet, 
depth 6 feet 8 inches, fire-grate 5 feet long and 4 feet wide, fire- 
bars about 2 inches thick on the upper surface and 6 inches deep 
in the middle, draft spaces from f^^-in. to |-in. wide, according to 
the flow of air and kind of coal used. A boiler of these dimensions 
contains about 20 cubic yards ; and, allowing something less than 
one-half of the space for water, as well as a little for stay-bars, <fcc., 
about 12 cubic feet of water-room will be given per horse-power, 
whilst its effective heating surface will be about 20 square yards. 

In Cornwall, where slow combustion is considered desirable, 
boilers are usually made of large dimensions. At East Wheal 
Bose, Mitchell's 85-inch cylinder engine, 10 feet stroke, is fur- 
nished with four boilers, of the following dimensions : — two 36 feet 
by 6 feet, one 38 feet by 6 J feet, and one 34 feet by 6 feet; 
weighing together 45 tons. The steam is raised to a maximum 
pressure of 30 Bbs. per square inch, and the consumption of coal in 
December last, when making 4 strokes per minute, was 3*6 lbs. per 
horse-power per hour. 

From the year 1835 to 1838, Mr. Wicksteed was at intervals 

occupied in making experiments on cylindrical boilers. Eelative 

to the advantages of quick and slow combustion, he states : — ** My 
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ezperimenta upon ^ur ConuBh boilers show that, when the con- 
BumptioD of <^3ale per square foot of grate per hour was onlr 
2'475 Hba., and the water eraporated per hour equal to 23'3 cubic 
feet, 8'258HbB. of water were evaporated from 80" by 1 ft. of coal ; 
and when the coals per square foot of fire-grate were equal to 
5-013 fts., or rather more than double, 8-64^ Kb. of water were 
evaporated from 80° by 1 ft. of coal ; showing an advantage of i per 
cent, in favour of the more rapid combustion and evaporation. In 
both cases the same amornit of boiler-power was used. 

The following table shows the mean results of all roy trials upon 
Jour eylindrieal ^t2er«, lasting 504 hours for the quick combustion, 
and 514^ hours for the slow combustion : — 
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We some years since experimented on two tubular boilers applied 
to an 80-inch cylinder pumping-engine at Par Consols Mine, in 
the County of Cornwall, in order to ascertain their evaporative 
power. These boilers were each 32 feet in length, 6 feet 3 inches 
in diameter externally, and 3 feet 10 inches intemB!ly, The fire- 
grate was inclined towards the bridge, having a length of 6 feet, 
with a breadth of 3 feet 10 inches. They were slso provided with 
an arrangement by which the feed water was heated to near the 
boiling-point before entering the boilers. This was effected by 
meana of the waste beat escaping from the flues, the aQQai».t»& 

* Wlohiteod on Uie Stemn-'ETit^iiB. 
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consisting of two wrought-iron tubes, each about 20 inches in 
diameter, placed one above the other, and parallel to the axes of the 
boilers, in the brickwork of which they were enclosed. The feed 
water was pumped into the upper tube by means of the usual 
arrangements, and then descended through a pipe into the lower 
one, &om whence it passed into the boiler itself. Both these 
tubes were exposed in their whole length to the action of the 
heated gases coming from the fires, which, after making the circuit 
of the boilers, passed round the warming tubes before arriving at 
the base of the chimney. The water in the tubes was thus heated 
to about 212*" by means of the heat absorbed firom the gases passing 
through the flues, and of which the temperature was reduced to 
about 300** before being discharged through the stack. The beat- 
ing surface of both boilers was 1,900 square feet, and of the warm- 
ing apparatus 560 square feet, or together 2,460 square feet. Our 
experiments were conducted in the following manner : — 

It was first necessary to be enabled to measure with accuracy 
the quantity of water supplied to the boilers ; and, in order to effect 
this, a large cistern was placed near the air-pump, from the cistern 
of which it could, by a simple arrangement, be filled with water. 
The connecting pipe between the feed-pump and the air-pump 
cistern was then removed, and a pipe fitted to the feed-pump, 
which reached the bottom of the reservoir. The cistern was also 
provided with a waste-pipe, which prevented its being filled beyond 
a certain point ; it was then filled with water and pumped out in 
order to ascertain at what level the pump ceased to act." This point 
being decided, water was weighed into the cistern until it reached 
the level of the waste-pipe before mentioned, when it was found to 
contain 1,26011)3. It was also necessary to be enabled to stop the 
action of the feed pump during the filling of the cistern ; and this 
was accomplished by means of a stop-cock placed in the feed-pump 
immediately under the stufBng-box, which, when opened, let in air 
and prevented the formation of a vacuum. The measurement of 
the injected water was thus rendered exceedingly easy ; as it was 
only necessary to count the number of cisterns pumped into the 
boilers and open the stop-cock whilst it was being re-fiiled, in order 
to do so with accuracy. 

The arrangements for measuring the water having been com- 
pleted, the experiment was begun; and at the expiration of 
46| hours it was found that 95 cisterns of water had passed into 
the boiler, and that 11,730 Jbs. of coal had been consumed in 
order to evapwate 119,700 fcs. of water from the temperature of 
92° Fahrenheit, which gives 10 • 204 fcs. of water evaporated from 
that tewperatuve for every pound of coal consumed. If we take 
212** as the standard temperature, N?e ^nd tWi each pound of coal 
employed Lad evaporated ll'^S^lba. ot ^«iit©t feom \\i^\i^^Mk%Y«s&» 
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The combustible employed during this experiment consisted of 
a mixture of Swansea and Bury cofu ; but in what proportion, or 
from what pits, we were unable to learn. An analysis of the mix- 
ture was, however, made by Mr. H. How, who obtained the fol- 
lowing results : — 

Carbon 84*19 

Hydrogen 4 • 19 

Oxygen 0*86 

Nitrogen 0*80 

Ash 8-06 

Sulphur 1-90 

Total 100-00 



These coals were also found to contain 6 per cent of water. 

Another trial on boilers of this class, extending over a period 
of six months was made at the United Mines in 1838. The 
diameter of the cylinder was 85 inches, quantity of coals consumed 
during the period named 700 tons, or l,668,000Bbs., and the quantity 
of water pumped into the boilers, after being measured by proper 
apparatus, was found to be 234,210 cubic feet, or 14,638,125 fts. ; 
thus showing that 15 cubic feet of water at 102° had been evaporated 
for each 100 ibs. of coal used, or that each pound of coal consumed 
had evaporated 10*29fts. of water from the temperature of 212" 
Fahrenheit. 

The following general comparison between Cornish, factory, 
marine, and locomotive boilers, will show in a striking degree the 
great disproportion which exists between them. 



Cornish Boilers 

Factory aild Marine 
Locomotive 



Fuel burnt per hour 

per Bquare foot of 

fire-grate 



^Z:^tt^' ??r:! !«'<>"««»,' 



evaporate one cubic 
foot of water per hour. 



surface to each square 
foot of fire-grate. 



3 
10 
80 



to 8^ 
to 15 
to 100 



lbs. 






70 

9 to 11 

6 



85 to 40 
13 to 15 
60 to 70 



The enginemen of Cornwall observe a fixed rule in the manage- 
ment of their fires. When coal is introduced they merely spread or 
dust it over the surface of the fire, and never stir or stoke it, except 
at the time of cleaning. They then shut down the damper, to 
prevent the rush of cold air, which would have the efiect of lower- 
ing the steam in the boiler ; subsequently turn the unconsumed fuel 
on one side, and after raking off the clinkers, turn the fuel back on 
the clean bars, in order to repeat the operation on the other side. 
The fire before cleaning is about 6^^ inchea dee^, wid. ^^\fcx ^^^\s^ 
3 to 8^ iDcheB, 
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BOILER INCETJSTATIONS, Ac. 

Water inyariablj contains a certain quantity of matter, derived 
from the strata through which it percolates, and which is often found 
very destructive to steam boilers, hy producing sedimentary deposits. 
When of an argillaceous or silliceous nature, these deposits may be 
easily prevented or removed ; but if composed of carbonate or sulpnate 
of lime, considerable difficulty is experienced in preventing their 
formation. In order to prevent the incrustation of boilers, it is 
usual to introduce various organic substances. These do not act 
chemically, but rather mechanically, and are supposed to embrace 
the particles of matter as they become deposited, and thereby 
prevent aggregation and crystallization. 

Various anti-incrustation compositions have from time to time 
been proposed, such as turf, peat, manure, sawdust, charcoal, 
sugar, starch, flour, glue, &c. ; but all of them have proved 
ineffective. The most popular remedies are those suggested by 
Dr. Eitterbandt and Mr. Graham. The former attempts to prevent 
carbonate of lime incrustations by putting into the Doiler a small 
quantity of chloride of ammonium, or sal ammoniac, to decompose 
tne carbonate of lime by the formation of chloride of calcium, 
whilst carbonate of ammonia passes off with the steam. The latter 
introduces newly-slaked lime to convert the soluble carbonate 
into an insoluble one, which becomes precipitated, and is discharged 
from the boiler, either by a cleansing machine, or in the ordinary 
way. Those animal substances which are convertible into jellies 
have sometimes also been found beneficial in preventing incrus- 
tations of sulphate of lime ; but frequent renewal is in this case 
found necessary. 

In the year 1847, we made an analysis of a boiler incrustation, re- 
sulting from the use of Thames water, together with an examination 
of the water with which the boiler was supplied ; one gallon of this 
water at 60° Fahrenheit was found to contain a fixed residue 

weighing 18-52 grains. Contents of One GaUon 

Analysis of Incrastation. of Water. 

SUica 9-75 07309 

Carbonate of Iron 0*5448 

Peroxide „ 6-25 

Sulphate of Lime 6*00 1-9796 

Phosphate „ 3*00 traces 

Carbonate „ 59-75 10-7523 

Carbonate of Magnesia . 2-00 0-6469 

Organic matter 1035 2-0989 

Alumina 2-87 traces 

Chloride of Sodium trace 1-3062 

„ Potassium . „ 0-4210 
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CAPACITY OF STEAM BOILEES. 

The method of estimating the capacity of cylindrical boilers is 
exceedingly simple, and consequently requires no especial notice. 

A mode of estimating the capacity of a waggon-boiler when the 
top is semi-cylindrical, and sides and bottom concave is, to square 
the width, multiply the product by the length, divide by 2, the 
quotient will give cylindrical feet, this multiplied by '7854 will 
give the cubical contents of the semi-cylinder. Then from the 
whole vertical height deduct half of the width of the boiler, multiply 
the remainder by the whole width, and deduct ^th from the 
product for reduction of space by concave sides and bottom.* 

Eequired— the capacity of the upper and lower parts of a boiler 
24 feet long, 5 feet wide, and 6 feet 6 inches deep. 

Upper part, semi-cylindrical : 5^ x 24 -r- 2 = 300 cylindrical 
feet X • 7854 = 233 cubic feet. 

Lower part, concave sides and bottom: 6*5 — 2*5 x 5 x 24 
= 480 less ^th = 400 cubic feet. 

Or, together, 633 cubic feet. This divided by 27 = 23 -44 cubic 
yards as the capacity of the boiler. 

Then for finding the depth of water : — Find the difierence 
between the capacity of the lower and upper parts, divide the 
remainder by 2, then take this quotient and divide it by the area 
of the water surface, which subtract from the depth of the lower 
part, the remainder is the depth of water taken perpendicularly 
over the sole plate of the boiler, when the capacity of water is 
equal to that of steam. 

Capacity of lower part = 400 cubic feet 
„ upper part = 233 „ 

2)167 



Area of water surface (5 x 24) = 120)83*5 = half difference. 

•6958 
Subtract from depth of lower part 4 -0000 

3-3042 feet 
12 



39-6504 inches; 
or about 3 feet 3 J inches depth of water. 

* If the ddea and bottom should be straight, the deduction of jth must not 
be made. 
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TO FIXB THE HOBSE-POWEB OF STlAM-BOILEBS. 

Various rales have been adopted by engineers for determining 
the nominal power of steam boilers. Among them maj be noticed 
that of the late Mr. Hick of Bolton. It was the practice of this 
gentleman to allow 6^ square feet of water-surface per horse-power, 
and to calculate the power of cylindrical boilers as follows : — 

Add the inner and outer diameters together, multiply the sum 
by the length, and divide by 5 • 6, the quotient will express the 
horse-power. Thus : Eequired the horse-power of a Cornish boiler 
30 feet long, outer tube 6 feet 6 inches, and inner tube 4 feet 6 
inches in diameter. 

(6-5 -^ 4-5) X 80 „, 
ft^V ^^ horse-power. 

Authorities differ as to whether the divisor should be 6 • 5 or 
5*73. Mr. Armstrong, in his "Eudimentary Treatise on Steam 
Boilers," recommends the latter. 

HEATINO SUBFAOE. 

The evaporative power of a boiler is determined by its amount 
of heating surface. From the difficulty experienced in transmitting 
heat downward, it is usual to regard all surfaces exposed to the 
downward influence of hot air as being only one-half as effective in 
generating steam as those exposed to an upward current. Upon 
these principles, Mr. Armstrong considers that an "effective 
heating surface of nine square feet, together with one square foot of 
fire-grate, is in any case quite sufficient for each horse-power." 
It is evident, however, that either the amount of heating surface or 
area of fire-grate must be modified according to the fuel employed. 
In Cornwall, where best coal is used, the boilers are usually from 
5 J to 6 diameters in length. 

BOILEB BOOM. 

Upon this subject Mr. Armstrong is of opinion, " that generally 
the total capacity of steam boilers may be stated at a cubic yard 
per horse-power, not more than half of that space being water- 
room, nor less than half of it employed for steam." This author 
also further says, " It used to be a current saying amongst the 
engineers in the North of England thirty years ago, that a good 
steam-engine ought to have an area of piston equsd to 27 circular 
inches for each horse-power, while the boiler ought to have a 
capacity of 27 cubic feet for the same, and that the popular rule 
is Lancashire is for each square inch in the area of the piston, to 
allow a cubio foot in the boiler.** 
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STBENQTH or BOILEBS. 



The strength of boilers is in direct proportion to the thickness 
of the plates^ and inversely as their diameters. For practical 
reasons, the plates cannot well be less than a quarter-of-an-inch, 
nor more than half-an-inch in thickness. Ii too thin, they 
cannot be made properly tight, and if too thick, there is difficulty 
in riveting them so as to prevent leakage. The rending force 
which a cylindrical boiler will bear without permanently damaging 
its structure may be considered equal to double the tensile strength 
of the iron employed. If, therefore, an unit be fixed upon to 
represent the maximum working strain to which iron should 
be subjected, the pressure of steam which may be safely generated 
can be readily determined. The tensile strain of good malleable 
iron is 66,000 ibs. One-third of this may be regarded as the 
extreme force which it should bear, or, say 18,000 lbs. ; but from 
this sum it is necessary to make liberal deductions for difference 
in quality of iron, and also for bringing the pressure within the 
limit of safety. The following numbers, representing the strain 
per square inch of section, have therefore been reduced for this 
purpose : — 

Common Yorkshire Iron Plates . . . 2,500 fes. per square inch. 

Best „ „ ... 4,000 

Common Staffordshire „ ... 3,000 

Best „ „ ... 5,000 

To find the amount of pressure per square inch the shell of a 
cylindrical boiler will bear mth safety : — Double the strain allow- 
able on the iron per square inch of section, and multiply the sum 
by the thickness of the boiler plate, divide the product by the 
diameter of the boiler, all in inches, and the quotient will give the 
pressure of steam in pounds per square inch which the boiler will 
safely bear. 

JEJx. Required the pressure of steam that a boiler made of 
common Yorkshire iron plates will safely bear, its diameter being 
6 feet, and plate -^g of an inch thick. 

2500 X 2 = 5000 x (-fV) -31 -^ 72 in. = 21 lbs. per square in. 

ON THE QITANTITT OE AIB SUPPLIED TO THE EIBE-PLACE8 OP 

COBNISH ENGINES. 

We are indebted for the following communication to Eobert 
Hunt, Esq., F.E.S., Keeper of Mining Records, Museum of Prac- 
tical Geology, Jermyn Street, London : — 

Although, from its economy of fuel combined with high me- 
chanical power, the Cornish pumping-engine has attracted con- 
siderable attention, one point m connexipu m^\i \3tift ^xi^^^^ ^^^ 
hitherto been but imperfectly determmed.. 
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The beat developed from any fuel duriiig its combuation is 
dependent mainlj upon the carbon that it •contains. The con- 
version of that carbon into carbonic acid is the result of perfect 
combustion; and this requires that two equivalents of oxygen 
should be obtained from the air for every equivalent of carbon in the 
fire place. Each atom of carbon thus maae to combine represents 
a fixed mechanical value; consequently a theoretically perfect 
arrangement would be one in which all the carbon could oe con- 
verted into carbonic acid, and in which the air supplied gives pre- 
cisely the required quantity of oxygen. The caloric due to the 
combustion of the hydrogen is, in the case of coal, so small in 
relation to its other constituents as to be of comparatively little 
moment in the calculation. 

It consequently becomes an interesting problem to determine 
with as much accuracy as possible the quantity of air supplied to 
the fire-places of Cornish boilers. It may appear easy to ascertain, 
with tolerable correctness, the quantity of air passing through 
fireplaces constructed as those of the boilers of the Cornish steam- 
engines. 

If the temperature of the air had been uniform throughout the 
whole length of flues — i.e,, from its first entrance into the fire- 
place to its exit from the top of the chimney — its ascensional 
force might be calculated from the difference between the weights 
of the heated column and a column of air of the same height at the 
observed temperature of the atmosphere ; and thus the quantity 
of air passing the fireplaces in a given time might be readily ascer- 
tained. This uniformity of temperature does not, however, exist, 
and is alone suf&cient to render all calculations on the subject 
exceedingly intricate. 

The alterations in temperature in different parts of the flues and 
in the stacks of some Cornish engines, which were determined 
with much care, together with the differences in the temperature 
of the external air, will at once show how complicated this ques- 
tion is. 

On the 29th June, at Tresavean Mines the thermo- f*^*- 

meter stood at 72® 

In the coaling-place of the large engine, 12 feet from 

the fire 87® 

At two feet from the fire 90® 

One foot from the ash-pit HQO 

In the flue 30 feet from the fire 33O0 

At the end of the flues 101 feet from the fire 190® 

On the 13th September, at North Eoskear Mine, the 
temperature of the air in the flue nearest the fire- 

place was 340® 

At the bottom of the stack 1^2 ieetiiom^^<&^^x^^*bKA "2.^^ 
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These results show tliat a large amount of calorific absorption 
is going on during dfe passage of the gaseous current through the 
flues and chimney. 

Proceeding with this inquiry, it was resolTcd, in the first place, 
to determine with precision the distance through which the air had 
to travel from its leaving the fireplace to its quitting the stack. 

The following are the measurements obtained at three of the 
most important engines : — 

The new engine, Tresavean, 

Prom the fire-door to the ends of flues 101 feet 

Length of stack flue 40 „ 

Height of stack 60 „ 

201 „ 



-1 



Tayhr^M engine. United Mines, 

Prom the fire-door to the end of flues 107 feet 

Height of stack 80 „ 



187 



» 



Weafs engine, North Bosleear, 

Tube of boiler 37 feet 

Plues 72 „ 

Between ends of boilers and stack 12 „ 

Stack 90 



211 



» 



» 



I was enabled to determine with precision the volume of air in 
the flues and chimney at North Eoskear Mine, and from similar 
data I deduced the capacity in each case. 

Cubic feet. 

Plues through tube, allowing for fire-bridge = 432 feet ; 

for three boilers, say 1,296 

Plue over one boiler = 199 feet, three of them, say 597 

Plue under one boiler = 567 feet, ditto 1,701 

8,594 

Between boiler and stack 46 

Ditto to damper 46 

Stack 607 

4,291 
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Hence we approximate very nearly to the truth when we con- 
sider the space occupied by the air as being 4,291 cubic feet ; 
which at 60^ Fahrenheit, and the barometer at 30 inches, would 
be equal to say 328 &s. avoirdupois. This requires correction for 
the expansion due to the elevated temperature of the flues. « With- 
out going into the details of this correction, it may be sufficient to 
state that it was determined that 238 &s. of air were contained in 
fche flues and chimney at North Eoskear Mine. 

It must not be forgotten that the gases and vapours from the 
coal which pass off unconsumed form a portion of this amount. 
Somewhat more than 800 fts. of coal are burnt in each boiler 
in twenty-four hours, by the combustion of which carbonic acid 
and water are formed ; hence the flues and chimney contained nitro- 
gen, carbonic acid, and watery vapour, together with uncombined 
oxygen. 

The rate at which the air traverses the flues was determined by 
placing, immediately in front of the fire, some tow saturated with 
oil of turpentine, and closing the fire-door rapidly after it was thrown 
in. The dense black smoke generated in this way being seen at 
the top of the stack, gave, after numerous experiments, the follow- 
ing mean results : — 

Tresavean 1' 50" 

1' 65" 
2' 00" 
r 52" 

NorthEoskear 2' 00" 

2' 24" 
2' 10" 
2' 3" 

UnitedMines T 40" 

1' 55" 
V 52" 
2' 00" 

The gaseous products formed by the combustion of the coals 
may be estimated at 15 cubic feet per minute : this must be 
deducted from the contents, together with some other allow- 
ances arising from various interruptions to the currents, &c. 
This will reduce the quantity of air to about 3,000 feet. At the 
mean pressure and temperature this would be equal to about 
110 fcs. of air passing through the flues per minute. This air 
having passed, the fire should have been deprived of its oxygen. 
Analyses were therefore necessary to determine this point. The 
sir was collected in a receiver, from the stack, by a hole made in 
the brickwork, and subsequenfty xemoN^^ m «to^^ered bottles, 
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and analysed with as little delay as possible. The eudiometric 
process was employed. In all cases the carbonic acid was first 
absorbed by caustic potash, and averaged one-ninth the total 
volume operated upon. 

30 cubic inches of air from the nearest flue of the 

engine, Tresavean, gave 0, o' 3*01 

Ditto, from flue nearest stack, ditto 3*00 

Ditto, (a second experiment,) from nearest flue, ditto... 2*98 

Ditto, from nearest flue. North Eoskear, ditto 3 • 20 

Ditto ditto ditto 3 07 

Ditto, from end flue, Taylor's United Mines, ditto 2 • 75 

The proportion of oxygen to nitrogen in the atmosphere is 
about one-fifth: thus we learn the quantity which has entered 
into combination with carbon and hydrogen, to form carbonic acid 
and watery vapour, to develope available heat. 

A few experiments with charcoal will show that, after its 
combustion in a close vessel, the air still contains sufficient oxygen 
to support the combustion of sulphur, and, consequently, that it is 
not possible to deprive atmospheric air of all its oxygen by ignited 
coal alone. This accounts for the oxygen found in the flues. 
The results obtained appear to indicate that the admission of 
atmospheric air has, in these cases, been so regulated as to produce 
the best practical efiects. If a less quantity had been admitted, the 
fires would not have burned freely ; and if, on the contrary, a 
larger amount had entered, it would have exerted a cooling 
influence, and diminished the duty in proportion to the coals 
consumed. Experience has shown Cornish engineers that the 
best duty is obtained when all apertures through which strong 
currents could find their way into the apparatus are closed, and 
just sufficient air admitted to support a moderate, but not rapid 
combustion. 



On the Use or CoNDEi^siifa ai^d Noif-coKDENsnfG Engii^es 
roB MrBTTNa Pueposes. By T. B. Joedan, Esq. 

The Cornish method of unwatering mines by the use of large 
single-acting condensing engines, has been the subject of much 
able discussion, and has frequently been determined to be unap- 
proachable in its economic results. We will not, therefore, 
venture to question what has been so often decided by higher 
authorities, but take a view of the subject which, although it 
has not formed part of the scientific enquiry, is, nevertheless, im- 
portant to the owners and managers of mining properties. It is 
fully admitted that a single-acting Goim^\i eiTi^tkib \^ ^<^^^<^ ^^ 
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ntfling more water from a gif«i depth, wiih an mat ci ooal, than 
anj other known machine, bat this is oolj one portion 
of tiie qneation which mine managers have to cmisider, in order 
to determine the kind of steam machinerj thej will employ. 
The whole question then becomes, Bj what means can we give a 
mine a fair trial in the shortest time, and with the smaUeat possible 
outla J ? We beliere that, bj the use of comparativel j smidl hi^b- 
pressore non-condensing engines and double-acting pumps, wa 
object ma J be frequentl j eflfected. 

The cost of a large Cornish engine, with pit-work, will, 
neoessarflj, be considenble ; and it is, therefore, a matter of some 
importance to determine whether a condensing or non-condensing 
engine shall be used, since in many cases it amounts to deciding 
whether the property can be proved at a small instead of a 
large expense ; and it not imfrequently happens that a promising 
piece or ground is aUowed to remain untried, on account of 
the assumed necessity for a large outlay of capital. The great 
advantage of a non-condensing engine is, that the required power 
can often be obtained in a tenth of the space and at a tithe of the 
cost of similar power in the single-acting condensing engine. 

The non-condensing eogine and its boilers will also produce a 
higher proportional pnoe, S resold, than the larger ^lachine, since 
it is just as applicable to every manufacturing purpose as it is to 
mining ; and because its moderate price, and its greater fiicility 
of removal, brings it within the means of a larger number of pur- 
chasers : this may also be said, in some measure, to apply to 
double-acting pumps. These pumps may be variously arranged, 
either for drawing or plunger lifts ; but in all cases they discharge 
an equal quantity of wat^, both in the up and down stroke, and 
consequently possess the following advantages: — Pumps of half 
the area of those generally used discharge the same quantity of 
water, and, therefore, the expense of many tons of pit-work is 
saved. The water is constantly moving upwards in the column, 
and much of the inertial force which has to be overcome at every 
stroke of a single pump is avoided, and less power is required. 
The engine also makes several strokes in the cylinder to one of 
the pump, therefore its irregularities are not coincident with those 
of tne resistances in the pitwork, and the entire apparatus can be 
adjusted to a more perfect balance. The enormous unbalanced 
weight of pump-rods requisite to make the out-door stroke is like- 
wise done away with, and the excess of strength in the main-rod, 
necessary to bear the sudden admission of steam on the piston, 
and to overcome the inertia of the column of water, is no longer 
reauired. 
It if not intended by the foxegomg teimas^^ \<o ^\X>^\s\\k^ to ^^^ye 
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that the present system of employing large low-pressure engines 
for mining purposes is universally objectionable, but merely to show 
that eases occur, in which it is more economical to employ a less 
expensive apparatus, although consuming a somewhat larger 
amount of fuel in proportion to the power obtained. 

DEsoBiPTioK or HOBizoirrAL voiir-coirDEKsnra ekghte. 

In this machine the cylinder, o, bed-plate, k, parallel guides, d, 
and the plummer-blocks of crank-shaft, e, are in one casting, which 
renders it impossible that there should be any error in fixing, since 
the adjustments are wrought in the fitting-shop, and cannot be 
altered or deranged. There are two Ay-wheels for the purpose of 
distributing the load more perfectly on the bearings, as well as to 
render the engine more compact and portable ; they may also be 
used for taking off" the power by belts if required, and be used as 
carriage wheels for the engine itself in transit over difficult roads. 
These wheels for a 12-inch engine ate 5 feet diameter, and 6 inches 
wide on the rim, and heavy enoiu^h to be perfect as regulators 
without being so cumbersome and difficult to remove as a single 
larger wheel must be. 

In the figure, b is the slide-box, a the handle of governor valve, 
E is the connecting rod, e the crank axle, h the feed pump, and i 
the eccentric. 



103 



SUPEEHEATED STEAM. 



The following is an abstract of a " M6moire " recently presented 
by our friend, Mr. Him, of Colmar, to the Industrial Society of 
Mulbouse, and entitled '' Mdmoire sur la Theorie de la Swchavffe 
dans let Machines a VapeuTy presents par M, O, A, Hirnf dans la 
seance du 29 Oetohre, 1856. 

In this paper the author proposes to investigate the various 
phenomena taking place in the cylinder of a steam-engine, when, 
instead of being supplied with ordinary saturated steam, super- 
heated steam is employed. Or, in other words, when, instead of 
making use of ordinary steam generated in the usual way, such an 
additional amount of caloric is imparted as to convert it into a 
gaseous state. 

A machine was exhibited by Mr. Wethered, of Baltimore, at the 
Paris Exhibition of 1856, in which superheated steam was employed ; 
but in that arrangement a mixture of common and superheated 
steam is introduced into the cylinder. 

The experiments of M. Hirn, as detailed in his Memoire, go to 
show the advantages to be derived from the employment of super- 
heated steam alone. 

This M6moire is divided into three distinct parts. In the first, 
the subject is treated in a practical point of view ; the apparatus 
employed described, the nature of the experiments detailed, and 
the results obtained stated. In the second, the phenomena attend- 
ing the production of superheated steam, and the efiects produced 
by its employment in steam-engines, are explained and analysed. 
The third division treats of the modifications introduced by the 
employment of superheated steam, relative to the quantity of heat 
which becomes latent during the expansion of the gaseous steam, 
and the mechanical equivalent of heat. 

The boilers supplying the two large engines of Messrs. 
Haussmann, to which the superheating apparatus to be described 
has been adapted, possess nothing peculiar in their construction. 
They are each provided with three boiling-tubes, whilst the smoke 
and heated air, afber having followed these throughout their whole 
length, enter the flues surrounding the boilers, and finally escape, 
by the stack, into the atmosphere. Behind the boiling tubes, 
and immediately below the point where the amoke and \i<&^\>^d «xt 
leave tbem to infringe on the surface of the \)OTleT, aw a^et^OKc^^ k., 
if made in the brickwork of the setting, and Nrti\c\i,\>^ mety.\i^ oi 
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the flue, B, places those of the boiling-tubes in connection with 
the lower portion of the chamber, o, whilst, by an opening 
near the crown of the arch, it is itself placed in communication 
with the flues of the boiler. It follows, from this arrangement, 
that if the valves, n, placed behind the boiling-tubes be closed, 
and the damper, e, opened, the gases from the fire-place, instead 
of proceeding directly to the flues of the boiler in the usual way, 
must first pass through this chamber, o, in which is placed the 
apparatus for superheating, which consists of a series of cast-iron 
tubes disposed in such a manner as to form, by the junction of their 
flanges, a sort of spiral. The tubes thus united present a metallic 
coil of great length, and well adapted for the absorption of caloric 
from the heated gases traversing the chamber in which they are 
situated. By means of proper valves the steam may be made, at 
will, either to traverse the coil before entering the cylinder, or be 
admitted directly from the boiler. In this way it becomes easy to 
institute a comparison between the effect produced by super- 
heated steam, and that obtained in the ordinary way. Experiments 
for this purpose were conducted as follows : — The engine was 
during twenty-four hours worked with superheated steam, care 
being taken to keep the pressure constant and the steam-valve 
opened to its fullest extent. The machine, thus arranged, afforded 
a steady result during a given time, whilst the quantity of coal 
burnt, water evaporated, and number of revolutions of the main 
shaft, &c., were carefully noted. On the following day, an ex- 
periment was made under precisely similar conditions, but with 
steam generated in the usual way. 

The duty done by the engine in the two cases was subsequently 
calculated, and the difference ascertained. In order more closely 
to determine the actual work performed under these varying 
circumstances, a friction-brake was subsequently employed. 

EXPERIMENTS MADE ON OBDINABT AND SUFEBHEATED STEAK. 





Combined cylinder. 

(WoolTs engine.) 

First series. 


Single cylinder. 
Second series. 


Single cylinder. 
Third series. 


Super- 
heated 
steam. 


Ordinary 
steam. 


Super- 
heated 
steam. 


Ordinary 
steam. 


Super- 
heated 
steam. 


Ordinary 
steam. 


Mean temperature of steam ) 

superheated* j 

Coal burnt 


210*> 

1,992 ks. 
12,360 ks. 

34,062 

12 hours 

376 atmo. 

•10 „ 

'2974 

•3770 ki. 
107 


• •• 

2.362 ks. 
14,710 ks. 

33.962 

12 hours 

376 atmo. 

10126 

•3232 ks. 

•4111 ks. 
102 


230» 

2.400 ks. 

13,626 ks. 

39,668 

12 hours 

376 atmo. 
10126 
•313 kils. 
•848 kils. 

\ - 


• •• 

8,466 ks. 
17,688 ks. 

39,201 

12 hours 

376 atmo. 

•126 „ 

•409 kils. 

•461kil&. 

I ... 


240« 

2,836 ks. 
1 5,294 ks. 

39,779 
12hr8.11m. 
4*6 atmo 

'348 kils. 


4,300 ki. 
19,698 ka. 

39,480 
12hr8.6m. 
4*6 atmo. 

'462 kfls. 


Water evaporated 


Number of strokes of piston 

Duration of experiment 

TmHinn of "team 


„ in condenser 
Steam employed per second . 

„ per stroke.. 
Horse-power 



* Centigade. 
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On comparing the results obtained by the foregoing experiments, 
we observe : — 

1st. — That Woolfs engine, with steam superheated to 210°, 
affords an economy of 

1 _ ]?^^l^l = 0-20, or 20 per cent. 
107 X 2362 ' ^ 

2nd. — That the machine with one cylinder, working steam 
superheated to 230°, gave 

1 — ?^ = 0-31, or 31 per cent. 

3rd. — That the same machine, vrith steam superheated to 240°, 
yielded an economy of 

1 — 1Q2 X 2835 ^0-47, or 47 per cent. 
128 X 4300 ' ^ 

These figures, as the results of practical trials, are of considerable 
importance. 

In the latter portion of the M^moire, the various phenomena 
affecting the employment of superheated steam are considered 
under three distinct points of view, viz. : — 

Ist. — Evaporation of vesicular water. 

2nd. — Expansion of aqueous gas by the application of heat. 

3rd. — Modifications of the laws affecting relations existing 
between the volume and pressure of steam in the cylinder, at 
given periods of its expansion. 

It is evident, that in a machine, either condensing or non- 
condensing, working without expansion, the whole of the water 
thrown off from the boiler and removed in a vesicular form by the 
steam, is expended without a corresponding benefit, and represents, 
in fact, so much heat absorbed without any economic return. 

1. — JEvaporation of Vesicular Water. 

In a machine working expansively, either condensing or non- 
condensing, the caloric removed by the vesicular water is ex- 
pended without any increase of power, as long as the cylinder 
remains in communication with the boiler. When once this 
continuity is broken, the steam immediately begins to act expan- 
sively, and the vesicular water is evaporated at the expense of its 
caloric, which is in this case also, to a certain extent, uselessly 
employed. On the one hand, the work performed by the piston 
before cutting off the steam is invariably a considerable fraction 
of the total duty ; whilst on the other, the increased power derived 
from the evaporation of vesicular water during expansion is but 
small. It consequently foUowa, ttiat t\i© weaence of vesicular 
water invariably causes an apprecisiAe \otta oi ^o^et «sA ^ ^^xs^ 
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sponding waste of heat. In the ca«e of engines of which thei 
cylinders are provided with steam-jackets, there is less danger of 
inconvenience from the admission of vesicular water ; and it is 
consequently evident, that the application of superheated steam 
will be less advantagous in such instances than when the cylinder 
is merely provided with a non-conducting coating. It will, how- 
ever, be seen, that the employment of superheated steam is far 
from being useless, even in engines provided with the cylinder-case 
of Watt. This becomes more evident on carefully studying the 
merits of some very plausible objections which here present 
themselves. 

No doubt, it may be objected, there is a manifest advantage in 
not allowing water to enter, as such, into the cylinder ; and the 
steam-jacket, which causes this water to return to the boiler with- 
out loss of temperature is a palpable economy. What advantage 
will it be, however, in any tind of apparatus, to evaporate this 
water after it has once quitted the boiler ? Will it not be necessary 
to expend as large an amount of caloric to volatilize this water as 
if the evaporation had taken place in the boiler itself? How is 
this operation to be effected ? It can be only done by the aid of a 
separate fire-place, or by means of a portion oi heat abstracted from 
the boiler. And what economy is to be derived from this process, 
even in the case of cylinders not provided with a steam-jacket ? 
This reasoning is undoubtedly true, if the superheating be effected 
by means of an auxiliary fire-place, but becomes at once invalid, if 
the heating tubes be placed in the flues connected with the boiler. 
Por although the vesicular water absorbs caloric from the super- 
heating tubes, and consequently some portions of the surface of the 
boiler thus come in contact with gases somewhat cooler than they 
would otherwise be, it is nevertheless evident that the total heating 
surface is augmented by the addition of this apparatus, and conse- 
quently that there should be a corresponding increase in the weight 
of water evaporated by a given quantity of fuel. Prom the foregoing 
observations, it is evident that the evaporation of vesicular water 
by means of an apparatus disposed as before described, affords in 
all cases fm economy of fuel, even when the steam-jacket of Watt 
is employed. This advantage is, however, less decided when the 
cylinder case is used than when a merely clothed cylinder is sub- 
stituted, since, in the latter instance, the vesicular water is thrown 
into the apparatus at an almost total loss ; whilst in the former, 
this water returns to the boiler without having lost its high 
temperature, and consequentiy without having occasioned a notable 
loss of caloric. 

Since, however, the quantity of vesicular water discharged from 
well constructed boilers seldom exceeds 5 pes c€i^./^i^^^^/^^ 
tba economjr reBulting from the evapotatvoiv oi ^Jtoa^^J^^^si^O^^ 
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■t^l^gf^ J the tteamaliiiogt ce— e» to beeoMO a^erimted, and paaaea 
to the ejiinder at nearij ita normal teaipenlnie. In thia wm j are 
loat an theadrantagea to be derired firoaa die emplojnient of ai^er- 
heated steam, whkh, aa will be seen, are &r greater than can be 
aeeounted for bj the mere addition made to the heating anrfiwe of 
tiie bofler. It therefore follows, that when tiie soperfae«ting 
raparatus ia to be applied to a bcnler which has the defect m 
throwing a large qoantitr of reaicalar water into the cjlindN', 
thia should be preriooalj obriated hj the nae of a proper ateam- 
cbest, or bj some other similar means. 

All that has been said rehitire to the eraprntion of reaicolar 
water bj the superheating apparatus is theoreticall j correct ; bat 
when from theorj we come to practice, it is at once peroeired, the 
question becomes more complicated than it at first appears. 

It would seem, that the economj of fuel ought invariablj to be 
distinctlj shown, and to be in the direct ratio of the quantity of 
▼esicular water erapoiated beyond the usual performance of the 
boiler. 

On going more fully into this subject, it wiU, howerer, be per- 
ceired that this is ohea not strictly the case. In fact, if a boiler 
be so arranged as to consume, in the most economical way possible, 
a giren weight of fuel, and this quantity be exceeded, the effect 
produced by an unity oi combustible will be of course diminished. 
iff for example, the fire-grate flues, Ac. be so arranged as to pro- 
duce the maximum effect by the consumption of 100 kils. of fuel per 
hour, and eyery kiL of coal thus employed evaporates 6 kils. of water, 
the consumption of 150 kils. per hour will not afford so high a duty 
for each unity of fuel so used. This is a long-established and 
well-known fact. It now remains to examine what deductions 
are to be made Irom this principle. If to an engine an apparatus 
be so applied as to modify greatly the quantity of steam expended, 
the amount of force capaole of being generated by the boiler mth 
an unity of fuel will necessarily be modified in the same propor- 
tion, since by this means the supply to be obtained approaches or 
recedes from the limits of its economic normal yield. 

The economy obtained by the employment of superheated steam 

is complex in its nature. The advanti^es deriyed- being but to a 

jRoall extent effected by the evaporation of yesicular water, but 

proceed, on, the contrary, from an abvoVoitft «vnns^ on the amount 

of§team necenuuj to produce k gjtcaii me^Mv\wi2^ T^\i^Xi. \!^ *0i!&& 
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way the auperbeating apparatus modifies tbe capabilities of any 
boUer to which it may be applied. 

In some instances, this principle may be applied to boilers 
fULvesAj forced beyond the point of most economical working, and in 
such cases a beneficial result will eyidently be the consequence. 
Sometimes, also, superheating apparatus is applied to boilers which 
are not sufficiently forcedy and in this instance the result will be a 
diminution in the evaporative co-efficients of the fuel consumed. 
Again, a boiler hut sliyhtly forced beyond its point of most econo^ 
mical action may be supplied with superheating apparatus. 

In this case it will be found that the evaporative duty of each 
pound of fuel will be increased precisely in the ratio of the amount 
of vesicular water thrown off from the boiler. The tabulated 
experiments present an example of the first and last cases. 

The boiler of Woolf's engine evaporated, without the superheat- 
ing apparatus, 6*25 kils. of water per kil. of coal consumed in 
the grate ; when the steam was superheated the evaporating power 
was increased to 6*45, equal to an augmentation of about 3 per 
cent. When the superheating apparatus was used no trace of vesi- 
cular water found its way into the steam-jacket, the whole having 
been volatilized in the coil. When ordinary steam was applied 
to the cylinder about 4 per cent, of the water forced into the 
boiler was condensed and returned to the generator from the casing. 
If, then, the superheating coil be merely tonsidered in the light of 
a supplementary boiler, it will have effected a saving of fuel equal 
to 4 per cent, and, consequently, the remaining 12 per cent of 
economy obtained must be due to other causes. Let us now 
examine the duty performed by the single-cylinder engine. 

Without superheating, 0-461 kil. of steam and 0*0881 kil. of 
coal were expended at each stroke of the piston. The ratio of 
0*461 to 0*0881 = 6*12 ; that is to say, for every kil. of fuel con- 
sumed, 6 * 12 kils. of water were converted into steam. With the 
addition of superheating apparatus * 340 kil. of water was eva- 
porated and 0*0603 kil. of fuel consumed per stroke of the 
piston. The evaporative power of the coal is therefore in this case 
6*63. Now as the vesicular water carried over with the steam 
does not exceed from 4 to 6 per cent., it follows that the great 
difference existing between 6 '63 and 6 * 12 cannot be attributed to 
its evaporation by the coil. This increased evaporative duty arises 
from the circumstance that in the first case 300 kils. of coal were 
consumed per hour, and the firing consequently far too much 
forced to obtain economical results. When, on the contrary, the 
superheating apparatus was employed, a smaller consumption of 
steam took place, and consequently, a less amount of coal ^^& 
consumed per hour. In this way the reVsAiWe <ia»'5^(iASv5i^^i'^^'^^^^st 
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and fire-place became more nearly equalized, and a greater reduc- 
tion took place in the proportion of fuel consumed to the water 
evaporatea, than would have been effected by the Tolatilization of 
the vesicular water. 

The superheating apparatus applied to the engine above de- 
scribed yielded an economy of 31 J per cent., but it does not follow 
from this fact, that so large an increase of duty would in all cases 
be obtained with machinery similarly constructed. This must be 
considered, to a certain extent, an exceptional case ; but it is at the 
same time easy, from the foregoing data, to calculate the economic 
and real value of superheating, and the minimum economy to be 
obtained. 

With superheating, the boiler evaporated 6 • 63 kils. of water per 
kil. of coal expended, f Allowing 6 per cent, for vesicular water, 
iibout 5*35 kils. of ordinary steam would have been obtained from 

612 

the same boiler under similar circumstances, and -^7— x 0*0881 = 

OoO 

0-0843 kil., would have been consumed for each stroke of the 
piston, instead of -0881, the number actually found. The ratio of 

— 00843 + 00881,. ^ ^.^ ..on/v., • 01 « 
0^0881 ^^^^ 043, say 43.10%, t.e. 31-6— 

43*10 = 27*2, which is the economy due to superheating. 

2. Expansion of steam in superheating. 

All bodies are expanded by heat and contract on cooling. The 
only difference existing between them is in the amount of variation 
of volume due to each degree of increment or depression of tempe- 
rature. These differences of volume as affected by temperature 
are, as regards liquid and solid bodies, exceedingly variable, since 
not only there are scarcely two which are influenced to the same ex- 
tent by a similar addition or withdrawal of caloric, but the same solid 
or liquid is not influenced in a similar degree by the same amount 
thermal variation throughout the whole range of the thermometric 
scale. All gases, on the contrary, approximate very closely to 
each other in this respect, and are at the same time of all bodies 
most affected by modifications of temperature. Q-ay-Lussac de- 
duced, from elaborate researches on this subject, that all gaseous 
bodies, whatever might be their temperature or pressure, expanded 
uniformly 0*00375 parts of their volume at 0® for each degree of 
additional temperature. Regnault, who has since investigated 
this law, has shown that the deductions of Gay-Lussac must be 
regarded rather as approximative than as being rigorously exact, 
since not only the co-efficient of expansion is not precisely the 
Mme for all gases, but that the »ame ga.a ^oe^ "not ec^Uy expand 
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at all temperatures by similar increments of caloric. A marked 
distinction was formerly made between vapours and gases ; but 
since a large proportion of what were thought permanent gases 
have been liquefied by pressure and intense cold, this distinction 
has to a great extent fallen into disuse. By a vapour is now 
generally understood a gas reduced, by a sufficient degree of cold, 
to that state of saturation at which any further reduction of tempe- 
rature would cause a certain portion of it to assume a liquid form. 

All saturated vapours are dilatable by heat in precisely the same 
way as the gases, and, consequently the law of Qay-Lussac may be 
applied to them without causing appreciable error. Watery 
vapour, for instance, at pressures of one, two, and three atmo- 
spheres can only exist at temperatures respectively of 100^, 
121^*4, and 135^*1. Below these points it is condensed, whilst 
above them it dilates, obeying the laws which regulate the expan- 
sion of atmospheric air, or any other gaseous body. In order, then, 
to ascertain the volume which will be occupied by a vapour under 
a given temperature and pressure, it is merely necessary to divide 
the actual volume by 1-f 0* 00375, multiplied by the temperature 
which corresponds to its point of saturation. In this way is ascer- 
tained the volume which would be occupied at 0° if the vapour 
could have existed at that temperature. By subsequently mul- 
tiplying this theoretical quantity by 1 + 0*00375, multiplied 
by the temperature to which the vapour is to be elevated, the 
corresponding volume is ascertained. This result, although not 
literally exact, affords an approximation sufficiently close for all 
practical purposes. It has been already stated that watery vapour 
above the temperature of its maximum tension is governed by the 
same laws as those affecting other gases. It follows from this 
circumstance that, in proportion as the vapour escaping from the 
boiler advances through the superheating coil, it becomes heated, 
and consequently increases in volume, and this gradual expansion 
only ceases when the steam no longer acquires an addition of 
caloric from the tubes. At the same time a given volume only can 
pass into the cylinder, whilst the quantity discharged from the 
extremity of the coil will be the same, whether it be superheated 
or otherwise. 

In order that the same weight of vapour should pass into the 
cylinder when superheated steam is employed, it would be neces- 
sary that it should not be expanded, and, consequently, that on its 
escape from the serpentine it should be subjected to the amount 
of pressure necessary to produce that effect. 

Nothing of this kind, however, takes place ; since the steam-pipe 
is in uninterrupted communication with the boiler, the pressure m. 
which forces the vapour through the co\\. m oiSiet ^i)wa»\l \fe \£!«J5 ^iiia^ 
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matelj act upon the piston. In other words, the pressure in no 
portion of the coil can at any time be greater than that in the 
boiler ; nor can it be less, except &om the exceedingly light influ- 
ence caused by friction, &c. Since, however, as has been already 
shown, the same volume of steam escapes in a given time through 
the coil, whether it has been superheated or not, it becomes neces- 
sary, in order to maintain the equilibrium of pressure, that a smaller 
volume must enter, and that a less weight of steam escapes from 
the boiler when superheated than in the ordinary state. Thia is 
precisely the result obtained in practice, and no change being 
made in the speed, expansion, or pressure, the immediate effect of 
superheating is to produce an economy of steam in direct ratio 
with the artificial addition of caloric imparted to it during its 
passage through the coil. The fact being established, it becomes 
necessary to inquire whether this economy of steam leads to a 
proportionate saving of fuel. 

If this were not found to be the case, the practical advantages of 
superheating would, in a great measure, aisappear; but, before 
studying the question under this point of view, it will be necessary 
to appreciate experimentally the effect of superheating as affording 
economy of steam. 

It has been already stated that in all the experiments made, the 
number of revolutions of the fly-wheel, the quantities of water eva- 
porated and coal consumed were carefully and accurately deter^ 
mined. These experiments admit of being strictly compared with 
each other ; since the quantity of steam removed by each stroke of 
the piston was carefully ascertained. 

In Woolfs engine, the volume of the cylinder is naturally the 
same under all circumstances; whilst in the engine with one 
cylinder working with varying expansion, the cut-off was made 
constant for each set of experiments of the same kind. It follows 
that the volumes thus obtained were themselves constant. 

Woolfs engine, working at 3*76 ats., expended 0*4125 kil. of 
superheated steam at each stroke of the piston. When the super- 
heating was so far increased as to yield steam of such a tempera- 
ture as to enter the jacket at 210^, the expenditure at each stroke 
of the piston fell to 0*3770 kil. The economy is consequently 
represented by 0-4126 — 0*3770 = 0*0355 kil., or 8*7 per cent of 
the original quantity. The increase of volume is evidently in the 
inverse ratio of the numbers 0*4125 and 0*3770, and therefore 

4,126 
equal to -^ = 1,094. 

The engine with one cylinder, also working at a pressure of 
8'75 ata., expended 0*451 kil oi Bteaui ttsi&\^«\aular water at each 
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stroke of tbe piston. When the steam was superheated so as to 
indicate a temperature of 230^ at the steam-chest of the slide-valye, 
the expenditure of yapour descended to *345 kil. per stroke of the 
piston. After deducting the 5 per cent, vesicul^ water carried 
off bj simply saturated steam, 0'4285 remains as the actual con- 
sumption of saturated steam. From this it follows, that the eco- 
nomy due to superheating is represented by 0*4276 — 0'345 = 
0'0825, say 19 per cent, on the primitive quantity. The increase 

4 276 

in volume is in this case ^rn^ = 1,242. 

3,450 ' 

It is now necessary to examine the effect of superheating on the 
amount of fuel consumed. 

If, in order to dilate a given volume of steam to the extent of a 
quarter, a third, or a half its original bulk, it were necessary to 
supply as large an amount of caloric as is required to procure 
directly from water a corresponding quantity of steam, the economy 
of fuel obtained by superheating would cease to exist if a separate 
fire were employei This economy would also be very small in an 
apparatus in which the superheating is effected as before described ; 
smce the coil would in this case merely act as a supplementary 
boiler, and thereby increase the surface exposed to the action of 
the heated gases n*om the fire-place. The whole question therefore 
resolves itself into an investigation of the calorific capacity of 
steam, and the quantity of heat necessary to elevate by 1° a kil. of 
steam at a given temperature and pressure. 

It was formerly admitted that the calorific capacity of steam at 
a pressure of 1 atmosphere is * 847, and that it diminishes with 
the pressure, in accordance with certain laws. The recent experi- 
ments of Eegnault have shown that this capacity is about *45 for 
all degrees of pressure. Starting from these data, it becomes easy 
to compare with each other the quantities of caloric necessary 
to afford a given volume of steam, or to dilate a known volume 
already existing, so as to obtain an excess equal to a given bulk 
directly obtained by the evaporation of water. 

The experiments made on the engine with one cylinder will 
serve as an example. 

Without superheating, the expenditure of steam amounted to 
0'451 kil. per stroke of the piston, less 0*0228 kil. to be deducted 
for vesicular water : when superheating was resorted to, this amount 
was reduced to 0*354 kil. The increase of volume due to super- 
heating is evidently equal to the volume of steam corresponding to 
the weight represented by 0*106 kil., the difference between 
0*461 kil. and 0*345 kiL Again, in order to evaporate 0*106 kil; 
at a pressure of 3*75 ats., it would be necessary to employ 65*2 
calories; 143° is the temperature of aatxrwiXivou «Xi ^^ ^^«es^\is^^. 
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stated. In ordw to nuse 0345 kil. of steam from l^S"" to 280% 
the temperature to which Bupevheatmg waa cacried, wo have, on 
the other hand, 27 ' 8 calories. 
The amount of caloric necessary to dilsi» steam in the ratio of 

0*845 

is then scarcely a 0* 426th part of the quantity required to 

furnish directly from watw a volume equal to the exoess which is 
due to expansion. If it now be remembered that the super- 
heating coil acts as a supplementary boiler, it will readily be 
understood that the dilatation due to superheating is readily con- 
vertible into economy of fuel 

It has been shown that Woolfs engine afforded an economy of 
16 per cent, by the employment of steam superheated to 210^. 
The same calculations and reasonings are equally applicable in this 
as in the preceding case, and it consequently follows, that tiiis 
machine should produce an economy oi 16 per cent, on the fuel, 
caused by the excess of volume which the steam has been made to 
occupy. This machine not only gave, under these circumstances, an 
economy on the fuel of 16 per cent, but also showed an increase 
of 5 horse-power. 

Neither the evaporation of the vesicular wafcer, nor the expansion 
which the steam is made to undergo, are, however, sufficient to 
effect this increase of power, and it is, consequently, necessary to 
investigate still further the various phenomena relating to super- 
heated steam. 

3. — Modifications of the laws relating to the expansion of steam. 

It is well known that when steam is made to expand, without at 
the same time receiving an accession of heat from the surfaces of 
the vessel in which it is enclosed, a certain amount of conden- 
sation is the consequence, arising from the fall of temperature 
consequent on the increase of volume assumed. By obviating this 
condensation, and the consequent rapid diminution of pressure, the 
steam-jacket of Watt produces its beneficial dfect. This arrange- 
ment communicates caloric to the steam, and thus prevents 
condensation ; for, although the heat supplied is originally derived 
&om the boiler, the loss of power economised amply compensates 
for the loss sustained. The addition of caloric to steam, whether 
previous to its admission into the cylinder or at the moment of 
its expansion, will afford results of a somewhat similar character, 
and it may consequently be anticipated, that the effect produced 
would in a great measure resemble that obtained &om the employ- 
ment of the ordinary steam-jacket. 

The permanent gases expand according to two principal laws, 
whilst ateam is affected by a tl[iird, de^endsisit on its calonfic state 
before and after expansion. 
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Ist. — When the temperainire of a gas is maintained eonetant^ 
the prassuie deoreaaea in the inverse satio of the volumes which it 
ia successivelj made to occupy. 

2nd.^ — ^When an increaae of caloric is not imparted to gases 
during their expansion, they necesearilj become cooled, and the 
relation which exists between their successive tensions and volumes 
differs essentially from those they should possess in accordance 
with the law of Mariotte. 

3rd. — When no addition of caloric is made to expanding gases, 

Eartial condensation takes place, and the relations which exist 
etween the successive volumes and pressures is in this case not 
known. All that has been ascertained is, that the pressure de- 
creases muck more rapidly in relation to the volumes than when 
permanent gases are concerned. 

It follows from the above that steam may be expanded under 
three different conditions. 

First.— When heat is not applied. 

Secondly. — When only a sufficient amount is added to prevent 
condensation. 

Thirdly. — ^When a sufficient addition is made to maintain uni-i 
formity of temperature. 

During the time that steam is flowing horn the boilers into the 
cylinder, the whole of the surfaces with whidi it comes in contact 
must, at least, be elevated to the temperature which corresponds to 
the point of saturation ; since condensation will not be arrested 
until that degree has been attained. The moment the valve ia 
closed, and expansion, consequently, begins, the surfaces of the 
cylinder and piston are placed in contact with steam of which 
the temperature is continuously decreasing, and it consequently 
follows that their acquired caloric is partially given up to the ex- 
panding steam. It erfsues from this that in no form of engine the 
steam expands without at the same time receiving a certain addi- 
tion of caloric, and, consequently, that even if the laws relative to 
the expansion of saturated and superheated steam had been per- 
fectly determined by experiments, they could not be applied with 
any degree of accuracy for the purpose of calculating the advan- 
tages to be derived from working steam expansively in the 
cylinder. 

On the other hand, it is quite impossible to so arrange the sur^ 
faces of a cylinder in which steam is expanded as to retain a con- 
stantly equal temperature. 

Since the cylinder of a steam-engine must be regarded both 
as a source and reservoir of heat, and not merely as an envelope 
to retain the steam, it naturally follows that its action on toA 
enclosed vapours will be more or leaa mo4i&.edL m wi.^c$t^aa^^^ ^^eifi^ 
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the circamstances under which it is admitted from the boiler. In 
fiu^t, the influence of the surfiftces of a cylinder on the vapour it 
encloses are such as to entirely modify the properties of steam, 
abstractedly considered, and to render any calcuhddons founded on 
the propemes of watery yapour in its isolated state in a great 
measure inapplicable to an analysis of its action on the pistons of 
steam machmery. 

The foregoing, although a mere abstract of the m^moire of M.Him 
on this important subject, may serve to explain both the arrange- 
ment of the apparatus he employs, and the results obtained there- 
firom, as well as to show the character of the deductions to which 
he has arrived, and the extremely complicated nature of the various 
elements necessary to a theoretical solution of the problem. 

BSSITMi. 

The various causes which effect the economy arising from the 
employment of superheated steam are recapitulated by M. Him as 
follows : — 

Superheating entirely obviates the inconveniences arising from 
the presence of vesicular water, and consequently a greater amount 
of steam is obtained from a given quantity of fuel. 

The vesicular water thus introduced evaporates during expan- 
sion, and, consequently, operates prejudicially by cooling the sur- 
faces of the piston and cylmder, which, having to be again reheated 
by the steam admitted when the valve is next opened, causes a 
considerable loss of caloric. When, on the contrary, superheated 
steam is employed, no traces of vesicular water can enter the 
cylinder, and, consequently, this source of loss is avoided. The loss 
of heat caused by the cooling of the metallic surfaces is much 

freater than is generally supposed, and was first pointed out by 
L Combes. 
Saturated steam is, under ordinary circumstances, partially con- 
densed during its expansion; and as this phenomenon causes a 
great diminution of pressure, a corresponding loss of power is 
naturally the consequence. 

Since the power of steam depends (all other things being equal) 
on the volume employed, and not on its weight, it follows that 
superheating, by which aqueous vapour may be expanded at least 
one-fourth of its original bulk, yields a corresponding increase of 
power; and as the expenditure of caloric necessary to produce this 
effect is extremely small, an equivalent saving of fuel must be the 
result. 

This economy of one-fourth must obviously be a minimum, since 
three other causes constantly contribute to produce the same 
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Metallic ores are usually concentrated by the agency of water, 
in accordance with the following laws. — If bodies of various sizes, 
forms and densities, be let fall into a liquid in a state of rest, it is 
evident that the amount of resistance which they experience will be 
very unequal, and that they will consequently not arrive at the 
bottom at the same time. This necessarily produces a sort of 
classification of the fragments, which becomes apparent on examin- 
ing the order in which they have been deposited. 

If it be supposed that the substances have similar forms and 
dimensions, and differ from each other in density only, and it is 
known that the resistance which a body will experience in moving 
through a liquid medium depends solehr on its form and extent of 
surfaces, and not on its specific gravity, it follows that all sub- 
stances will lose, under similar circumstances, an equal amount of 
moving force. 

This loss is, however, most sensible in substances possessing 
this power of movement in a less degree ; or, in other words, it will 
be proportionally greater in light bodies than in those having a 
more considerable density. The former, for this reason, rail 
through the liquid with less rapidity than the denser fragments, 
and must therefore arrive later at the bottom ; so that the deposit 
will be constituted of different strata, arranged in direct relation 
to their various densities, the heaviest being at the bottom and 
the lightest at the top of the series. 

Supposing, on the contrary, that all the bodies which fall through 
the liquid possess similar forms and equal specific gravities, and 
that they onlv differ from each other in point of volume ; it is 
evident that tne rapidity of motion will be in proportion to their 
sizes, and the^ larger fragments will be deposited at the bottom of 
the vessel. 

As we have supposed them on starting to have the same forms 
and densities, it follows that the resistance they experience whilst 
descending through the water will be in proportion to the surface 
exposed : and as the volumes of bodies vary according to the cubes 
of their corresponding dimensions, whilst the surfaces q\^ ^^is^ 
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in accordance with the squares of the same measurements, it follows 
that the force of movement animating them is regulated hj their 
cubes, whilst their resistance is in proportion to their squares. 

If, lastly, we imagine that all the fragments have the same 
volume and densitj, but are of variouB forms ; it fbllows that those 
which possess the largest amount of surface will arrive at the 
bottom last, and, consequently, the upper part of the deposit will 
consist of the thinnest fragments. 

It is evidently, then, of the greatest importance that the grains 
of ore which are to be concentrated by washing should be as 
nearly as possible of the same size, as otherwise the smaller 
surface of one fragment, in proportion to its weight, will in a 
measure compensate for the greats density of another, and thus 
cause it to assume a position in the series to which by its consti- 
tution it is not entitled. This difficulty is constantly found to 
occur in practice ; and in order, as much as possible, to obviate it, 
care is taken to separate, by the use of sieves, into distinct parcels, 
the fragments which have nearly the same size. Although) how- 
ever, the grains of ore mav by this means be, to a certain extent, 
classified according to their respective dimensions, it is impoBsible 
by any mechanical contrivance to regulate their forms, which must 
greatly depend on the natural cleavages of the substances operated 
on, and therefore this circumstance must always in some drgree 
affect the results obtained. 

Each of the broken fragments of ore' must necessarily belong 
to one of the three following classes '.-—The first class consists of 
those which are composed of the mineral sought, without any 
admixture of earthy matter. The second will comprehend i^e 
ifiragments which are made up of a mixture of mineral ore and 
-earthy matters ; whilst the third division may be entirely composed 
of earthy gangue, without any admixture of metallic ore. By 
« successful washing these three classes should be separated from 
each other. The first will form the lowest stratum, and the mixed 
fragments follow next in succession, wliilst the unproductive 
portion is deposited upon the two other layers. 

0BT7SHlir« APPABATFS. 

CBVdHiN0 Mills. — Among the various modern improvements 
introduced into mining is the crushing mOl. This machine, which 
has been brought to a great degree of excellence, is become of 
much value for the treai;meaat of many varieties of ore, and is 
'more especially adapted for mines yielding large quantitiea of 
dredgy or .^sseminated .mineral. 
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This apparatus is exceedingly simple in its construction. The 
power necessary to give it motion may be taken either from a 
steam-engine or water-wheel, and be communicated by connecting 
the shaft of one of the rolls directly with the axle, or by 
intermediate spur gearing. The general arrangement of this 
machine is represented in the woodcut, in which b. b. are the 
crushing rollers ; these are mounted in a framework of cast iron, 
stayed by a wrought iron bar, h, and firmly bolted to longitu- 
dinal beams inserted into the walls of the crushing-house. The 
rolls revolve on bearings which are so arranged as to slide in 
grooves, and therefore admit of the cyliuders beiog brought nearer 
or separated farther from each other. The object of this arrange- 
ment is twofold ; since it thus readily admits of any adjustment of 
the rolls, so as to suit different kinds of work, and at the same 
time acts as a safety-valve to relieve the machine from any destruc- 
tive strain, arising from the accidental introduction of iron or other 
substances too hard to be crushed without injury to the apparatus. 

To keep the rolls in contact, and yet allow this action to take 
place, a weighted lever, a, is placed on each side, which, by means 
of a sliding bar acting against the bearings, keeps a constant 
pressure upon the rollers. 

The ore to be crushed is lodged upon a floor, a, and then intro- 
duced into a hopper, o, from which it falls between the rolls — the 
requisite crushing pressure being attained by increasing or de- 
creasing the weight applied to the end of the lever. The crushed 
ore passes from between the rolls through the shoot, n, into the 
higher extremity of an inclined cylinder, e, of coarse wire gauze. 
This being set in motion by the same power as the rollers them- 
selves, divides the pulverised material into two classes. That 
portion which passes through the sieve falls on the floor of the 
crushing-house, whilst the other, which is too large to escape 
through the apertures, is carried to the lower end of the cylinder, 
from whence it passes into a kind of inverted bucket-wheel, p, by 
which it is again conveyed into the hopper to be re-crushed. This 
last arrangement is called a raff wheel. 

The various dimensions of the machine, speed of rolls, power 
employed, &c., and effective value of different mills now in use, 
may be found by reference to table, page 123. The speed of 
the rolls found most advantageous vanes from forty-five to sixty 
feet per minute ; but this necessarily differs with the character of 
the stuff to be crushed. 

The quantities of stuff crushed by each mill, (vide table,) must 
be considered only approximative, and as relating to dry stuff of 
average weight and toughness. A small amount of moisture, with 
u^i?r/r of a certain class, makes it cake, and may thus reduce the 
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produce of tbe mill to less tban one-balf of that stated. On the 
other hand, if the matter operated on be very dry, heavy, and 
brittle, as in the case of some varieties of rich lead ore, the produce 
may be much increased, since the mill can be driven at a greater 
speed, a less bulk will have to pass for a given weight, and there 
will be a smaller quantity of material carried back by the raff 
wheel to be re-crushed. 

It has been sometimes found advantageous to make the roller 
placed on the driving shaft somewhat longer than that which is 
opposite. The width of the rollers of a mill in which their diameter 
is twenty-seven inches, should be about sixteen and fourteen inches 
respectively. 

It is found, in practice, that rolls have a tendency to wear 
hollow in the centre ; this, after a while, allows the stuff to fall 
through without being properly crushed. The only way in which 
this inconvenience can be partially remedied, is to keep the feed as 
much as possible towards the ends of the rollers. For very fine 
grinding, the crusher is inferior to horizontal or edge mills ; but it 
may be used most advantageously where the crushed stuff will have 
to pass through a mesh of from twelve to fifteen holes to the linear 
incn : beyond this point, it is found that simple pressure may be 
advantageously replaced by frictional force. The circular sifter 
beneath the mill is sometimes replaced by a perforated periphery 
on the raff wheel : this method does not, however, admit of ready 
alteration when different degrees of fineness are necessary. 

It is desirable that rolls should be as hard as possible, hence it 
has been attempted to case-harden them by chilling. Practice 
has, however, shewn that, although the crushing faces are thus 
rendered harder, the advantage is nullified by the brittleness 
thereby imparted. Ordinary sand-cast rolls are therefore most 
frequently employed. 

Variable speeds have been tried in order to produce friction, 
together with pressure at the line of contact, but it has been found 
that any departure from an uniform speed in the two surfaces, 
absorbs a considerable additional amount of power without mate- 
rially augmenting the results. Rollers worked by friction furnish 
less economical results than those driven by spur gearing. 

EDGE ATSTD HOBIZONTAL MTLLS. 

For the purposes of fine crushing, and more especially for re- 
ducing ores to a totally impalpable condition, it is necessary that 
the apparatus used should seep the matter to be ground, during a 
considerable length of time, under a frictional and compressive 
influence, and for this purpose two different arrangements, the 
edge and horizontal mill, are employed. 

The principle of the former may o© iB^crSy^odi «l% <5wii«s.^oa^% ^ ^csi. 
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WfTtDgjttDtsA in wUdi two cncolir rumicfs are mide to tnnrane 
tte outer ebemn&mioe of a flat or digMj eonical basin. 

Tbeae nulla are eliieflT naed to efieet tiw rednction of alwer and 
auf ifc foua orea. In the caae of horiiiHitid niilla, tiw mineral 
ia ifat reduced to a aiaall aue, and aubaeqfiiendj introdoeed 
batween atonea in the aame waj that eom ia paaaed into a flour 
milL In the edge mill the ores are thrown into a baain and kept 
under the runners hj meana of an iron scraps. After being sob- 
jeeted a sufficient length of time to the action of the rannera 
tber are reunnred, ud a freah charge is introduced. 

Ia practice, the horixontal ia found to be muck more effMtiTe 
than the edge mill ; in the latter simple compression is the chief 
grinding force employed, whilat the rubbing action ia comparativelj 
amalL 

The amount of frictional area aTailable in the edge mill ia directly 
proportionate to the difference of distance tnE?elled over by tfa^ 
inner and outer edgea of the runners. 

Practically, the amount of fine-ground material pioduced by 
eadi description of mill is in direct relation with the amount of 
frictional surface furnished. 

The chief adrantage of the edge mill is itfe simplicity of oon- 
alaruction, and consequent small first cost ; but all its parts require 
to be made of great strength, and therefore of proportionate 
weight ; hence this apparstua becomes objectionable for oountriea 
where transit of heayy machinery is more than ordinarily exp^isire. 
Any advantage this mill may appear to possess is, however, more 
than exceed^ by the cost of grinding. The following resulta 
hare been obtained from a series of practical experiments made 
upon the same stuff with crushing and grinding mills : — 





No. of holes 
per square in. 
in mesh. 


QnantifcjQr 

stuff groand 

in 10 boors. 


Horse-power 
employed. 


Cost per 
ton. 


Horizontal Hilli... 

Edge Mills 

Oniihing Mill 


8,600 
3,600 
8,600 


20cwt. 

3 ,. 
18 „ 


5 

7 

■ • « 


9.d. 
2/3 

6/10 
1/7 



N.B.— All these miUi were driven hj water-power. 
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STAMPING HILLS. 

In cases where a degree of fineness, intermediate between the 
results obtained from the crusher and horizontal mill is required, 
a machine termed a stamps is generally employed. This consists 
of a series of wooden pestles, each fitted with a lump of cast iron, 
which is lifted to a certain heieht and permitted to fall upon the 
material to be pulverized. These pestles or stamp-heads are 
elevated by cams arranged spirally on a barrel of wood or cast 
iron, and to which motion is communicated either by steam or water 
power. Each pestle or lifter usually makes from 50 to 70 blows per 
minute. The lower portion of these lifters, where the iron head 
comes in contact with the mineral to be broken, is enclosed in a 
wooden trough, termed the cofer^ fitted both in the front and 
ends with perforated iron plates. A small stream of water flows 
continuously into this trough ; so that when the stuff operated on 
is reduced sufficiently small, it is carried through the gratings into 
a catch-pit, where it becomes deposited by subsidence. The form 
of the cofer, exit for the stuff, weight and speed of the stamps, 
and quantity of water employed, should be varied according to the 
peculiarities of the ore and matrix operated on. The best machines 
of this class are to be found in the tin mines of Cornwall. At 
Polberro a 36-inch engine, working at 65 horse-power, stamped, 
in the year 1854, no less than 30,201 tons of tin stuff. This was 
effected by an average of 8^ revolutions per minute, each revolution 
lifting 72 stampers 9 inches high, weighing respectively 600 Sbs. 
The greatest number of blows was 50 per minute, but the average 
of the whole 45. 

The entire cost of stamping, including maintenance of engine, 
wear and tear of machinery, wages of all kind, coal, oil, grease, 
hemp, &c., amounted to £1,950. or \i. ^\d, per ton of stuff. Each 
head stamped 420 tons per annum, or 28 cwts. per 24 hours, whilst 
the whole number reduced 100 tons per day, at a total cost of 
£6. 9*. 2(/., or 2*. \d, per horse-power. The stampers weighed, col- 
lectively, 19^ tons ; and as they were lifted 9 inches high, 45 
times per minute, it follows that a mass equal to 877 tons was dis- 
placed 67 ft. 6 inches in a corresponding period. The total 
number of grates was 72, the front grates having an exposed area 
9x6 inches, and end grates 8x6 inches, with 140 holes to the 
square inch. 

The two fly wheels, each 30 feet diameter, weigh 34 J tons, which 

weight, with cranks, shafts and bolts, is increased to 42 J tons. 

This machine stamped, in 1855, 29,663 tons, and in 1856, 31,411 

tons of stuff, whicn yielded oidy, on an average, 17^ Bbs. of mer- 

cbantahle tin ore per ton. At Great Hewas^ where the stuff 
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appears to be more readily pulverized, 3 tons of stuff per bead are 
said to pass tbrougb pirates baying 70 boles per square incb per 
24 bours. Tbe followmg particulars of cost bave been supplied bj 
tbe manager of tbese mines : — 

Coals for engine (per 24 bours) £1 4 

TaUow, Oil, &c 20 

Engineers 6 6 

Stamp watcbers 3 6 

£1 16 



Tbis sum, divided by tbe quantity crusbed, gives S^d, per ton of 
stuff, witbout allowance for wear and tear. During tbe last few 
years, many improvements bave been introduced in tbe mecbanical 
arrangements of stamping-mills, but no course of experiments 
bas apparently been undertaken to ascertain witb accuracy tbeir 
relative values. Mucb attention bas been given to tbe con- 
struction of tbese macbines by tbe Messrs. Taylor, of Queen Street 
Place, wbo bave designed some of tbe best models, botb for bome 
and foreign use. ]y&. Jordan bas also introduced some novelties 
in tbe construction of stamping-mills, and proposes to employ tbe 
principle of Nasmytb's steam bammer for tbe pulverization of bard 
materials, and tbiis to avoid tbe torsion resultmg &om long sbaft- 
ing, and tbe friction caused by tbe cam movement. 

EOXrBTD BTTDDLE. 

Tbis macbine is said to bave been first introduced into Cardi- 
gansbircj but bas now become general in almost every important 
mining district. It serves to separate particles of unequal specific 
gravities on a circular space inclined from tbe centre towards 
the circumference. Its construction will be seen from tbe annexed 
representation, in wbicb a, is a conical floor, formed of wood, about 
18 feet in diameter, on wbicb tbe stuff is distributed ; b, is a cone 
effecting tbe regular distribution of tbe orey matter, and supporting 
tbe upper part of tbe apparatus ; o, is a cap-piece forming tbe 
centre of motion; n, a mitre wbeel for giving motion to tbe 
buddle ; E, a funnel perforated witb boles, and fumisbed witb an 
annular trougb on tbe top ; f r, are arms for carrying two brusbes, 
wbicb may be balanced by weights, a g, as shown, or raised by a small 
arbor placed on tbe top of tbe beam ; h, is a launder for conveying 
slimes from pit, i ; k, is a receptacle in wbicb the orey slime, mixed 
witb water, is worked up by the tormentor, wbicb is a cylinder of 
wood carrying a number of iron knives ; l, is a pulley taking 
motion from a water-wheel or other prime mover ; m, is a circular 
sieve fixed on tbe arbor, n. Tbe Blimea at tl ^^ ^c»&»5bS!^ ^^-^^ 



LISBUBKE BUDDLE. 127 

over a bridge forming the side of a catcb-pit between tbe sieve, 
H, and tbe tormentor, from wbence tbe stuff passes into tbe 
sieve, and bj its rotation tbe finer particles are sprained into tbe 
pit, I, whilst tbe coarser are dtflcbarged, witb cbips or otber 
extraneous matter, upon tbe inrlnM floor, communicating with 
tbe launder, o. Eiom tbe pit, i, th# dime flows bj tbe launder, 
H, into tbe funnel, s x, ana, after paanng tbrougb tbe perforated 
boles, trickles down the sides of themndcone, b, wben it commences 
to flow off towards tbe circumfecwaoe, fearing, by degrees, in its 
downward progress, the bearier ewutatnents, whilst the surface is 
constantly swept smooth by tbe brttdbes which revolve, together with 
tbe funnel and vertical shafb; lo l^ifib tbe particles of different 
densities will be armnged in conomlne drcles. The speed of tbe 
arms is usually from i8 to 4 revohitiQiMi per minute, and a machine, 
with a bed 18 feei iiameter, wHL woA ap from 15 to 20 tons of 
stuff per day of 10 hours. 

The round buddies employed «t the Devon Consols Mines are 
18 feet diameter, exposing an area of 254 square feet. Tbe brushes 
make 2^ levolutions per minute, and the «iniff washed per huddle 
amounte te 18 tons per day of 9 hours, or 2 tons per hour. 

USBintKl BUDBIfX. 

This machine was invented and first erected, about the end of tbe 
year 1655, bj the agents st the lasbume Mines, in Cardiganshire. 
The idea involved in this arrans^tnent is that of the primitive hand 
process still emplmred in Wues for dressing ores. The illus- 
tration shows a sicCe elevation and ground plan of this apparatus, 
in which A represeocts tbe raking frame"; b, tbe buddle table ; o, 
bead supplying water; n, rid connecting the rake frame with crank of 
wheel ; b, rakes setdbliqudy to tbe line of motion, r, supply hopper ; 
p', bin to contain clean ore ; a, launder conveying part of tbe waste 
water from wheel to tbe supply hopper ; »', bin to receive second 
class ore ; H H, catch-pits for collecting slimes from buddle ; k, 
launder ; l, water wheel for giving motion to the machine ; m, 
guides ; K, beam balancing frame, o o', carrying the rake frame 
wheels, the arbor of winch forms the axis of motion for the rakes e ; 
F p, catches for supporting rakes in tbe downward stroke; 
B rake rest. The table, b, has an inclination towards tbe pits, 
H, and also a very slight depression in tbe direction of the 
ore bins, f' g' ; the water from the wheel flows over tbe buddle head, 
and by its admixture with the stuff in the box, 7 supplies the 
buddle. The rakes disturb the stuff against the flow of water, and 
in the opposite direction are elevated so as to pass over it, 
this is done in the first place by tbe tops of the catches, p p, striking 
against the projections, s, and permitting tVi^ t^<^ ^^^^ \/^ ^^^^ 
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until the wheels carrying it are supported by the wooden frame or 
rail beneath. On approaching the termination of the upstroke, 
the wheels of the rake rest ascend inclined bosses on the top of the 
wooden frame, until the catches (which are furnished with little 
balance weights) fall under the scraper frame, and thus retain the 
rakes in this position during the return stroke.. Prom the in- 
clination of the scrapers the orey matter is passed from one side of 
the huddle to the other, and in its progress the gangue is so far 
separated that clean ore is discharged in the first bin, whilst good 
seconds are found in the adjoining one. This machine makes 24 
strokes per minute, and is provided with 15 rakes. It requires 67 
gallons of water for the wheel and huddle during the same period, 
and washes 40 tons of stuff per 10 hours, yielding 12 tons of best 
and 4 tons of second ore. The waste averages 2 per cent, of ore. 
Its cost is as follows : — 

Smith's work, including materials ; work of 
firstquality £18 10 

Timber and Carpenters' work, complete ... 13 

£31 10 



This machine has been found highly advantageous for separating 
blende from lead ore; its conalfuction and mechanical action 
reflect great credit on the inventors. 

GERMAN BOTAtfiUFG BTTDDLE. 

The object of this machine is to separate the earthy matters from 
ores, in a finely divided state, move readiiy than by the ordinary 
round huddle. To effect this, the slime is introduced at a point 
near the centre of a large, rotating, slightly conical table, and, 
flowing down towards its periphery, a small portion of the upper 
"paxt or head becomes directly freed from extraneous substances, 
beyond this line of separation in the direction of the circum- 
ference, the stuff is subjected to the cutting action of a series of 
brushes or rakes, and by means of a sheet of water flowing over 
the agitated slime, clean ore is said to be produced almost at a 
single operation. 

The illustration represents this machine as first erected at 
Clausthal ; but it may be remarked that its mechanical details have 
since been judiciously modified,- without affecting its principle, by 
Mr. Zenner of Newcastle: a is an axis supporting and giving 
motion to the table ; B, oonica] table 16 feet diameter, rising towards 
the centre one inch perfect ; o, small cast iron tooth- wheel 1^ feet 
diameter ; d, tangent screw operating on wheel o ; e, drum receiving 
motion from water-wheel ; r, tooth-wheel driving ^m-aiL^^Vi^^ J ^^^^ 
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axis of which has a crank giving motion to a rod fitted with 
brushes ; a, annular receiving box 4 J inches wide, 6 inches deep ; 
a, circular trough of sheet iron, supported on the axis of the 
table an inch or two above its surface, and so divided that one 
quarter of it serves for the reception and equal distribution of 
the slimes, whilst the remaining three-quarters supply clean water ; 
h, launder for conveying the slime ore, behind which there is 
another, not shown, for giving water to the huddle ; o, bent trough, 
affording additional water to the stuff cut by the brushes. One 
end of this water trough is fixed about mid- distance between the 
outer edge and centre of the huddle ; the other end advances 
in a circular direction, nearly to the circumference of the table. 
The following abstract of a statement made by Mr. Zenner, gives 
the results obtained by his improved apparatus as compared with 
the ordinary round huddle. 

A lot of slime ore weighing 619*1 cwts. was divided into two 
equal portions. The rotating huddle finished its portion including 
re-washing the tailings in 86 hours, whilst the ordinary huddle 
required 609 hours to perform the same work. The time con- 
sumed was therefore in the proportion of 1 hour to 7. The ore 
operated upon contained about 8 per cent, of lead, and the results 
of the dressing operation were as follows : — 



Rotating BuDDjiE. 


Ordinary Round Buddle. 


A 


Washed 
Ore 


Conts. of Lead 




Washed 
Ore 


Conts. of Lead. 


Cwts. 

30-76 

2-76 


Cwts. 

18-96 

1-62 


per cent. 
62-4 
66-6 


A 


Cwts. 
32 1 
381 


Cwts. 

18-12 

1-76 


percent. 
62-6 
46-3 


B 


B 


2nd, 3rd, & ) 
4th Slimes 
Waste Pits... 

Loss washed ) 
away ) 

Total 


2nd, 3rd. & ) 
4th Slimes ) 
Waste Pits 

Loss washed I 
away J 

Total 


33-61 
73-96 
169-83 


20-48 
1-87 
3-41 


• • • 

1-8— 
1-8— 


38-02 

128-16 

82-28 


19-88 
2-69 
2-26 


• • • 

2-3 

20 


277-29 
32-26 


24-99 

• • • 

• • • 


• • • 

• • • 

• « • 


248-46 
61-10 


24-67 

• • « 


• • • 

• ■ • 

• • • 


309-66 


30966 



The rotating buddle, therefore, cleaned its portion of slime ore to 
62*4 per cent.*and left only 1'8 per cent, in the waste ; the ordinary 
buddle cleaned its ore to. 52*6 per cent, and left 2*0 per cent. in. 
the waste ; the rotating buddle conaumed wWckSt \«««i '•(kssx^ ^^ ^ 
the time to effect this. ^^ 



DBtBBIBe A7PARATCS. 



SKZaSlUFfi OF COFPZS OSES AT DETOS eKCAT COSSOLS. 

Tbroug)) the kindneas of Captain Isaac Blcliarda we bare been 
faronred with sketchea and particulars of aome of the machineiy em- 
plojed in concentrating the inrerior ores raised at the above mines. 
Althongh the jield of ore in exceeding!/ large, it may not be 
generalTj known that much of it is derived from stuff affording no 
more than from f to 1^ per cent, of metal. To readilj eeparate 
the worthless matter, at a remunerative cost, ia a problem which 
baa been abl; treated b^ Capt. Bichards, and it most be admitted 
that the present provperitj of the nndertakisg has been con- 
riderably mfluenced bv the excellent system of mschinerF' in- 
troduced by ^lim into the dresaing department. 

The vein staff, on amving at the BorTace, is cobbed and divided 
into tivo claasea ; the first going to market without experiencing 
KDj further manipnlatire procera ; whilst the second, or inferior 
duB, ia Tsrionslf treated ae may be folud expedient. The whole 
of the latter description is, however, cmshed to such a degree of 
fineness as to pass through a sieve perforated with |-inch h^ea. 




Sizi5a Si£T£S —These consist of an arrangement of inclined 
neves, four m number each 6 feet long 24 mches in diameter 
at the larger end and 18 mches diameter at the smaller The 
joeab work of a and B is ^th o i^th and s ^th of an inch in 
diameter The stuff from tne cmaWg ToiSi i& uvtwduced into a. 
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along with a stream of water; that portion of it which falli into the 
hina, r r, is conveyed to the drea sing- wheel, whilst the remainder of 
the stuff which runs through the coarser meshea ia passed into a 
hopper communicating with jigging macliiaery placed beneath. 

The sieves make 20 revolutions per minute, and altogether afford 
an area of about 6,000 square inches. 




Slime Sepabatob. — This apparatus is the invention of Captain 
Isaac Bicbards, and is almost simitar in its construction to the 
ordinary overshot water-wheel. The slimes or fine particles of ore, 
&c., which have paased through the circular aievea, a. and b, are 
conveyed from the cisterns, ? t, by means of a launder upon a 
wheel, thereby giving it a slow rotatory motion. Whilst this 
ia turning, time ia afforded for the minerals to settle according 
to their several densities ; the result obtained is, that the heavier 
particles are found at the bottom of the buckets, whilst the lighter 
matter held in suspension flows away through a launder placed 
for that purpose. The stuff in the bottom of the buckets is 
washed out by means of jets of water obtained ^m a pressure 
column 10 feet in height, when the whole pasaea into a round 
buddle. The wheel a, is 4 feet diameter, 2 feet 6 inches in 
breast, has 24 buckets, and makes S revolutionB per minute ; 
B, launder for supplying the slimes ; o, pressure column ; n, jet 
piece ; E, Ittunder tor conveying off the slime overflow of the wheel ^ 
T, launder for conveying separated staff to twoAWU^^- 
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Thia apparatos performB its work adminibl;, and waahea 26 tons 
of stuff per day of 9 hours. 




SiziKG CiBTEBH. — This Comprises an ordinary wooden box, or 
cistern, provided with an opening ia the bottom, a, which is con- 
nected with a pressure pipe, b, and an outlet pipe, o, having a 
amall regulating sluice, s. The huddled stuff enters bj the shoot 
s, and the pressure of water in the column ia regulated ho as to 
allow the heavier particles of ore to desceud, but at the same time 
to wash away, at z, the waste matter which may be associated with 
it. This is effected by having the outlet pipe, 0, of lees area 
than that of the inlet, and finng on the end of the former a 
regulating hatch, D, by which means a greater or less proportion of 
stuff may be passed over the notch, f, according as may oe necessary. 
Two cisterns are employed, the second being to collect the rough 
particles which may escape, through carelessness, from the first. 
The dimensionB of these sizing boies are as follows : — No. 1, 
depth 18 inches, width 13 inches, length 4 feet ; No. 2, depth 9 
incheB, width 18 inches, length 2 feet 6 inches: their efiectire 
capacity, is can8ec|uently, equal to 9^ cubic feet. 

Jiooiys Sieves. — The hutch and rectangular frame of this 
apparatus is constructed in the ordinary way, but the jerk of 
motion is, in this case, caused by machinery. A horizontai shaft, 
fitted with cams, is made to strike the jibing lever, extending 
behind the hutch, which is so ballasted as to produce continuous 
motion. By the deproBsioa of another lever in front, connected 
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with the sieve-shackles, they are lifted out of the water so as to 
allow a boy to remove the sTdrnpings in the ordinary way. The 
stuff to be jigged falls from the circular separating sieves into bins, 
from whence a charge is drawn as may be required. 



GENEBAL BOUTINE OE DBESSING AT DEYOK CONSOLS. 

CBrsHED Obes. — The concentration of the crushed ore is effected 
in the following manner : — From the crushing mill the stuff passes 
into the seijarating sieves, where it is divided into fragments of ^^th 
inch, T^th inch, and -^^^th inch diameter, besides the coarser particles 
escaping at the lower end. The slime stuff flows over the separating 
wheel, in the buckets of which the coarser portions settle, and 
from thence are washed out by a pressure of water into a round 
huddle deriving motion from the wheel itself. The work pro- 
duced in this huddle, is of three sorts ; that nearest the circum- 
ference is least charged with iron pyrites or other heavy mineral, 
but contains a small proportion of ore, this is again huddled, 
when a portion of its tail is thrown away, and, after submitting 
the remainder to a huddling operation, and separating the waste j 
it is jigged in a fine sieve, and rendered merchantable. The 
other portions of the first huddle are re-buddled, and, after 
dividing the waste, the orey mixture is introduced into the sizing 
cistern, where the finer particles are made to flow over into a 
huddle, from whence a considerable portion goes directly to 
market; that which requires further manipulation is again huddled, 
until thoroughly cleansed. The coarser portion of the stuff intro- 
duced into the sizing cistern passes downward, with the water into 
a tye^ and, after repeated projections against the stream, the orey 
matter is separated, leaving a residue of mimdic in a nearly pure 
state. The stuff falling from the separating sieves is received into 
bins fixed beneath, and subsequently cleansed. Each of the three 
sizes is subjected to jigging, and, in proportion as the worthless 
matter may be obtained, it is thrown aside, whilst that "which 
requires further treatment is washed down from behind the 
hutch and treated by tyes until all the valuable portions are 
extracted. In this way, vein stuff which originally, before 
entering the crusher, containing 1^ per cent, of copper, is so 
concentrated as to afford a metallic yield of 10 per cent., whilst, 
by means of the sizing sieves, dressing wheel, separating cistern, 
jigging machines, and a proper complement of round buddies 
and tyes, from 40 to 50 tons of stuff are elaborated per day of 9 
hours, at a cost of 12s, per ton of dressed ore, or at a tribute of 
4ts. in 20s, 
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^IMX Dbzsbiko. — Some considerable improvementB have also 
been introduced by CAptain Bichards into this departmoDt. The 
proper siEing of alime is sb neeeBsary ae ia the case of rougher 
work, and ia order to effect tbiB he has, at the Devou CoqboIb 
Minea, Brranged a peculiar elime pit, which is now at work, and 
fully anawers the purpose intended. The water and stuff from the 
slime Beparator is delivered by a launder into a slime pit. At the 
head of thia is fiied a slightly inclined plank, divided into channels 
by slips of wood set in a radial direction firom the delivery launder 
so as to effed) an equal distribution of the stuff. The surrace of 
this pit ia perfectly level, and since the water passes through it at 
a veiy slow rate aU the valuable matter is deposited at the bottom. 
It may be remarked that this is not only a slime pit but also a 
slime dresser. Thus, let it be supposed that a large quantity of 




slimfl exists, which will just defray the cost of ooncentrating if 
collected in the ordinary pita ; now if such alime were introduced 
■into the new slime pit, the cost of dressing would not only be 
defrayed, but a handsome profit would be afforded, since the rega- 
Istion of the conical plug, b, by means of the screw, a, will imme- 
diately reject a proportion of the slimes, and leave tolerably good 
work remaining. Secoodly—If slime be valuable in the mass, it 
can be more economically treated by a direct subdivision into fine 
Mid coarse work, than if concentrated from the original mixed 
'Stuff; since a stream of water, acting upon a mixture of fine uid 
rough particles, will, necessarily, carry off an undue proportion of 
the former, in freeing the latter from the waste with which it is 
-associated. The ordinary alime pit is of a rectangular shape, with 
Tertical sides and flat bottom. The water enters at one of the 
«nds by a narrow channel, and leaves at the other. A strong 
central current ia thus produced through the pit, which not oaly 
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csmei vitb it a portion of T^ua&le elime, but elso prodncee eddies 
and counter-cun-ente towards the sides of the pit, which fbm 
retains matters which onght to have been rejected. 

The slime pit at Devon CobboIb is in connection with Brunton's 
machineB, which are kept regularly supplied by means of the 
launder c, and by the regulating conical plug b. A waggon 
cietem is placed under the frame for receirrag the work, whicb 
IB removed when necessary, and emptied into a packing kiem. 




FBckiDg ApparMm. 

This kiere is packed by naohinery, represented in the accobi- 
panying wnxtd-ctit, ia whch a, is a smoJl water-wheel, working a 
vertical shaft, B, and driving another shaft, o. At the bottom of 
this is filed a notched wheel, », which presses outwardly the 
hammers, i x* ; these are mounted upon iron bars, 7 7', and vio- 
lently driven upon the side of the kieve by means of spriugs, q a'. 
A inccession of such blows not only expels a lai^ proportion of 
the vater jtresent but also separates the p»ticle% q£ Qt« u»st%£(&>^ 
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to their serend forms and densities. The waste arising fit>m 
this operation is either entirely rejected or partiallj re-worked on 
Bronton's machine, whilst the orej matter contained in the kioTe 
is taken on its waggon and discharged into the ore house. 

LEAD BBSSSnrO TS CAfiDIGA5^8HIBE. 

The ore from the Cardiganshire mines is sometimes argentiferous, 
bat usuallj much intermixed with foreign bodies, and, conse- 
quentlj, careful treatment is necessary to render it merchantable 
without incurring waste or needless dressing cost. In small under- 
takings the Yein stuff is broken by hand, with an instrument called 
a bucker ; but in large concerns this method is superseded bj the 
crushing mill. Prom this machine, the stuff is usuallj taken to 
the jigging hutches, by means of which, and round buddies, the 
ore is cleaned and rendered fit for the smelting furnace. At 
the Goginan Mines most of the dressing processes are performed 
mechanically, and it may not, therefore, be uninteresting to describe 
the system by which the ores are concentrated. All the rough 
ores broken underground are brought to the sur&ce by means of 
an inclined plane, and thrown at once into pases or ialns, where 
they are exposed to the action of water, and partially separated on 
gratings, 2 ft. 4 in. by 3 ft. 6 in., and picked on tables by boys 
and girls. The larger lumps are reduced to a finer state of division 
by hammers, whilst the stuff from the kilns, which is sufficiently 
fine to run through the grating, slides into a circular separating 
riddle, 2 feet in diameter, by 5 feet in length ; that portion which 
passes through it is cleansed on a jigging sieve, and the remainder 
picked for further manipulation. The rough stuff is now conveyed 
to the crushing mill, where it is so reduced as to pass through a 
rotating sieve, having 36 holes to the square inch, and from this 
point the real operations of dressing may be considered to com- 
mence. The rougher portion may be denominated a, and the finer 
h ; the former is subjected to jigging machinery, when it yields 
hutch- work and sieve- work. The latter is washed in a stroke, and 
from thence the roughs, or coarser part, is finished on fine jigging 
sieves ; whilst the middles and tails, are sent to the round buddle. 
The sieve work is usually found nearly clean, and only requires 
finishing in an ordinary dash buddle, consisting of a platform of 
boards laid at an inclination of 2 J inches in 7 feet, with the usual 
catch-pit. The raggings are once or twice re-jigged, and re-divided 
according as may be necessary, whilst the sJcimpings are thrown 
away as useless. Of the portion h, treated by the round buddle, 
the heads are either re-buddled or worked in the dolly-tuh. The 
top layer resulting from this operation, and containing about 2} 
per cent. ofleAd, is treated in tail huddles; the next layer, wrhich is 
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very poor, is re-worked in round buddies ; a tbird layer is re- 
dollied, whilst the bottom ie found sufficiently clean to go to the 
furnace. The middle*, or central zone of stuff from the round 
buddle, is again re-worked and divided, until it ia rendered &ee 
from impurities, whilst the tails are thrown away aa worthless. 

The water employed in these various operations holds for some 
time in suspension, a large number of fine particles, which are 
deposited in slime pits. The coarser particles are ultimately taken 
together with the raggings from some of the jigging hutches, and 
fragments of slate, quartz, or other vein stuff, containing spots of ore, 
to the stamping mUl, where they are pounded by heads weighing 
4 j cwts. each, making 54 hlows per minute, and falling 8 inches. 
Prom the stamps the stuff flows into pits, and is worked through a 
strake, and after being tved, trunked, submitted t« the round 
bundle, and doUied as may be found expedient, the dressing of 
the whole of the vein stuff is effected. About 25 parts of waste 
to 1 of ore is removed by these various operations at an average 
cost of 45*. per ton of crop ore, and £7. 7s. Birf. per ton of slime ' 
and halvan ore, whilst the average value of flie whole for 1856 
was £18. per ton. 

The following statistics relative to cost of dressing lead ores in 
Cardiganshire, in 1655, are compiled from Messrs. Taylora' valuable 
and elaborate statistics on this subject: — 
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Tin DBEBSniG. 

Many ingenious machines have been constructed, with a view 
of facilitating the process of dressing slimea, and rendering tin 
stuff of a low percentage remunerative. Among the recently 
invented apparatus found practically successful, may be notice 
that of Captain John Webb, at the Hewaa Mines, and the patent 
cleansing frame of Captain Bichard Hancock, lately in use at 
Folgooth. 
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For pulverizing, whether employed in reducing the variable tin 
stuifs of ComwaU, or the hara auriferous quartz of Australia and 
California, no contrivance has been found more simple or effective 
than the ordinary stamping mill. A striking proof of the economic 
value of this machine is afforded by statistics relating to the 
Polberro Mines :— 

The average number of heads employed during 5 years was 70, 
which reduced no less than 106,249 tons of stuff for washing pur- 
poses. This quantity averaged 20-^th Bis., or 0*89 per cent., of 
merchantable black tin per ton. On this produce the profit per 
head amounted to £210. for the total period, or £42. per head 
per annum. The proportion of profit to the cost was as 1 to 5 * 3 ; 
nence, had the mine operated with 57 instead of 70 heads, the 
difference being 13, it would only have met its cost at the average 
sale price for the ore of £63. 2«. 4>d, per ton. 

MOISTTTBE JUT OBES. 

The amount of moisture existing in ores, on effecting a sale 
within the ordinary period after completing the dressing operations, 
varies with the constituents, and size of the particles of which it is 
composed. 

The following results are derived from a series of averages, and 
will perhaps be valuable as affording a general idea upon this 
subject : — 

Cwm Erfin, per 21 cwt. = 76 fts. of water = 3*2 per cent. 
East Darren „ =64 „ =2-7 „ 

Qoginan ... „ =102 „ =4*3 „ 

Lisbume ... „ =64 „ =2*7 „ 

Cwmystwyth „ =54 „ =2*2 „ 

Average per 21 cwt. = 72 fes. of water = 3*0 per cent. 
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ASSAYING. 



A8SAT OP IRON ORES. 

Fob the assay of iron ores a common wind furnace is required. 
This, in order that it may have a good draught, should have a 
chimney at least 30 feet in height. Furnaces for this purpose are 
often built of such a size that four assays may be made at the 
same time ; by which arrangement 
Dot only a better heat is obtained, 
but the loss of fuel attendant on the 
alternate heating and cooling of a 
large mass of masonry is to a great 
extent avoided. A convenient aize 
for such a furnace is 14 inches square, 
in the hearth, a, and 2 feet in depth 
to the surface of the fire-bars. The 
chimney, b, may be of almost any con- 
venient size, provided it is sufficiently 
large , but when its area is leas than 
one-third that of the fire-place, the 
draught cannot generally he depend- 
ed on The quantity of air passing 
through the apparatus is regulat^ 
by a damper, o, fixed in the chimney, 
and placed at a convenieat height 
„ . from the ground. Coke is commonly 

the fuel employed in such furnaces, 
and a proper distance for the bars to be placed from each other 
IS in that case |ths of an inch , if, however, a mixture of coke 
and charcoal he used the grate should be made a little closer. 

The abo^e furnace must be accompanied by an assortment of 
tongs to he employed for various purposes. For the removal of 
the assays at the close of the operation, very strong tongs are 
required These being long in the handles, and provided with 
stout bent jaws, may be used as soon as the crucibles are sufficiently 
hardened to bear removal ; but as at this stage of the operation 
the furnace is exceedingly hot, it is sometimes difficult to look into 
the fire, in order to see where to apply the jaws of the tonga. 
This inconvenience is lessened by using a wooden shield, near the 
centre of which ia inserted a piece oi common window glass ; 
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when the shield is employed, it should he held hefore the person 
using the tongs hj an assistant. By this contrivance the heat is 
effectually prevented from reaching the face, whilst the small 
glazed aperture allows of the interior of the furnace being distinctly 
seen. If the opening be closed by a sheet of mica or a fragment 
of coloured glass, the glowing crucible may be looked at without 
danger to the sight. 

Preliminary Operations, — The assay of an iron ore should yield 
on a small scale similar results to those obtained on the large, and, 
consequently, has the advantage over the humid process, of affording 
results of a more practical character. Before operating in the dry 
way, it is, however, necessary to obtain some definite idea of the 
composition of the ore to be treated, so as to determine what fluxes 
should be added for the purpose of yielding, not only a fusible 
slag, but also the largest possible proportion of metallic iron. 

The ores of iron may be divided into three classes : — 

1*^. — Those which contain that metal in the state of anhydrous 
oxide, such as oligistic and magnetic iron ores, 

2nd, — Those which chiefly consist ofhydrated sesquioxide, 

Srd, — Spathose and clay ironstones, in which carbonate of the 
protoadde is the chief ingredient. 

When the ore to be examined belongs to the first class, the 
amount of siliceous gangue is not readily determined by ebullition 
with hydrochloric acid, since the anhydrous peroxide and magnetic 
iron ores are but sparingly soluble in that reagent. In this case, 
the earthy carbonates will be dissolved, and may be estimated by 
the loss sustained on boiling a known quantity of the ore in weak 
nitric acid, and deducting the water expelled by ignition in a 
platinum crucible. 

The preliminary examination of minerals of the second class may 
be conducted as follows : — Attack, in the cold, 50 grains of the 
ore, finely pulverized, either by acetic or very dilute nitric acid. 
This will dissolve only the carbonates of lime and magnesia, 
without interfering with either the oxide of iron or siliceous 
matters. Should it not contain any earthy carbonate, no effer- 
vescence will ensue on the addition of an acid ; and in that case 
we may pass on to the next stage of the operation ; but if 
effervescence takes place, weak acid is to be gradually added until 
it entirely ceases. W hen this point has been reached, the residue 
is thrown on a filter, washed with a little water, dried, and calcined. 
On weighing this product and deducting its weight from the original 
50 grains operated on, we determine the collective amount of water, 
and the carbonates of lime, and magnesia present in the ore. Of 
the finely pulverized ore 50 other grains are now placed in a i^latu:L\»sv. 
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crucible and Btrongly heated, either over a gas flame, or protected 
by an earthen crucible, in a wind furnace. The platinum crucible 
and its contents are now placed in the balance, and the loss of 
weight experienced wiU represent the amount of water and carbonic 
acid expelled. This loss deducted from the total diminution of 
weight experienced by the 50 grains of ore in the former operation 
by means of acetic acid, will represent the united weights of lime 
and magnesia with which the carbonic acid was combined. 

Minerals of the third class, in which the acid is combined with 
the protoxide, are changed by calcination into magnetic oxide, 
and, consequently, from the absorption of oxygen, the loss of 
weight experienced during the operation will no longer represent 
the amount of water and carbonic acid driven off. If the mineral 
be treated by weak acids, the earthy carbonates are readily re- 
moved ; but as at the same time a portion of the iron becomes 
dissolved, the proportion of lime ana magnesia which it contains 
cannot in this case be determined by diflerence. It is, consequently, 
necessary to attack with boiling hydrochloric acid to which a little 
nitric acid has been added. The solution thus obtained is sub- 
sequently evaporated to dryness, in order to render the silica 
insoluble ; and in treating the residue with hydrochloric acid, the 
soluble salts are taken up, whilst the siliceous and argillaceous 
matters remain undissolved, and may be separated from the liquor 
by filtration. These, after being properly washed, are calcined, 
ignited, and weighed. !From the filtrate fix)m this residue the iron 
and alumina may be precipitated by an excess of ammonia. 

The lime is obtained from the filtrate &om oxide of iron by the 
addition of oxalate of ammonia : the precipitate thus procured is 
dried, calcined, and weighed as carbonate of lime. The amount of 
carbonate of magnesia is then deduced from the weight of the 
pyro-phosphate of that base, obtained by the addition of a solution 
of phosphate of soda to the filtrate from the precipitate of oxalate 
of lime above described. Every 100 parts of the precipitate thus 
prepared, after being properly calcined, corresponds to about 76 of 
carbonate of magnesia. 

It is found that those ores in which the earthy carbonates exist 
in the proportion of two-thirds the amount oi the argillaceous 
and siliceous matters which they contain, yield the most fusible 
slags. The foregoing remarks will therefore serve as a guide in 
the selection and quantities of the fiuxes to be employed. 

The obes o? the fibst glass seldom contain much carbonate 

of lime or magnesia, and as the amount of earthy and siliceoua 

matters in them is not verjr readilv ascertained, it is usual to mix 

0uch ores with one-third their weight of some fusible silicate^ such 

38 green bottle glass. 
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Obes or THE 8E0OND AND THiBD CLASSES require to be mixed 
with sach quantities of carbonate of lime or clay as will make up 
the proportions necessary to render the slags fusible. When no 
carbonate of lime occurs in minerals of the first class, the addition 
of a little chalk is advantageous, as it tends to prevent a portion 
of oxide of iron from being retained by the too highly silicified 
slag, and the consequent loss of a certain amount of metal. 

Method of conducting an Assay, — The assay of iron ores is best 
made in crucibles lined with powdered charcoal, which not only 
prevents the sides of the vessel from being acted on by the substance 
treated, but likewise serves as the agent by which the oxides are 
reduced to the metallic state. On account of the high tempera- 
tures to which they are subjected, it is necessary that the crucibles 
employed should be of good quality. Those known as " London 
pots " are well fitted for this purpose ; but the common Cornish 
and Hessian crucibles will also bear the necessary heat. In order 
to line a crucible, it is partly filled with coarsely powdered and 
slightly damped charcoal, which is rammed into a solid form by 
the use of a light wooden pestle. When the first laver has become 
sufficiently consolidated, its surface is scratched with a knife, for 
the purpose of making the second stratum adhere firmly to it, and 
a little more charcoal is added and beaten down as before. The 
surface of this layer is again rendered uneven by scratching, and 
the operation repeated until the crucible is filled. When this has 
been efiected, a cavity is made in the centre, taking care to leave 
a lining of charcoal three-quarters of an inch in thickness on the 
sides and bottom of the pot. Two hundred grains of the powdered 
ore are now to be intimately mixed on a sheet of smooth paper, 
with the proper weight of fiux, as indicated by the results obtained 
from the preliminary investigation, and then carefully transferred 
to the cavity in the lined crucible. Any portions of the powder 
which may remain attached to the sides are now carefully swept to 
the bottom by means of a stiff feather, and the space above filled 
up with powdered charcoal and rammed down as before directed. 
The cover is now fitted and firmly luted with fire-clay, with 
which the bottom of the crucible is also cemented to pieces of fire- 
brick, so as to stand, when in the fnrnace, about four or five inches 
above the bars of the grate. When all the crucibles have thus 
been placed in the furnace, the damper is nearly closed, and a 
shovelful of lighted charcoal thrown between them, by which the 
coke, which is subsequently added, becomes ignited. During the 
first half-hour the damper remains all but closed, and the firing is 
conducted carefully to drive off the dampwiess contained in the 
linings, and to avoid the splitting of the luting, which might be ^ 
caused by a too rapid application of Yie^it. k\. \)ti^ «.^\x^ms^ ^^ 
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half-an-hour the damper is a little more opened, and the furnace 
filled up ^witb fresh friel. Afterwards this heat is gradually increased 
by still further opening the damper, and at the expiration of an 
hour it is entirely withdrawn ror the purpose of elevating the 
temperature to the highest possible degree. This operation, when 
properly conducted, should altogether require about an bour and a 
quarter for its completion, and at the end of that time the damper 
is closed and the furnace allowed to cool. When the tempera- 
ture has become sufficiently reduced, the crucibles arc cautiously 
removed by the aid of proper tongs, and placed in an upright 
position until sufficiently cool to admit of being readily handled. 
They are now to be placed over a sheet of paper, with a view of 
avoiding any loss, and the lid, which will be found to adhere 
firmly to the pot, is removed by a blow from a hammer. On 
breaking the crucible, the button, with its adhering slag, is care- 
fully withdrawn and crushed by repeated blows of a pestle in an 
iron mortar. The principal button may now be readily removed ; 
but as it is seldom the case that the slag does not still retain small 
metallic globules adhering to its surface, it is necessary to reduce 
it to coarse powder, in order that these may be separated. This is 
most readily effected by turning out the contents of the mortar on 
a sheet of paper and passing a magnet through the pulverized slag. 
In this way the metallic particles are soon collected at the poles of 
the magnet, and, on being brushed off with a stiff feather, are placed 
in the balance with the larger button before separated. 

In order to test the quality of the iron thus obtained, the button 
is placed between a fold of tin plate and smartly struck on an anvil 
with a heavy hammer. If the fracture presents a mottled greyish 
appearance, and the buttons flatten slightly before breaking, the 
quality of the iron is considered to be good ; but should it, on the 
contrary, split on the first blow, and exhibit a white crystalline 
fracture, the ore is either of bad quality, or the admixture of fluxes 
has been injudiciously made. 

Instead of operating as above described, a Seftstroin's blast- 
furnace may often be conveniently employed. Assays of iron ores 
are also sometimes made in unlined pots ; but the results so 
obtained are commonly far less satisfactory than those afforded by 
crucibles prepared according to the foregoing directions. 

ASSAY OF COPPER OEES. 

The ores of copper are extremely numerous, but may, for the 
purposes of assay, be comprehended under three classes. 

The first class comprehends ores which contain, with the 
exception of iron, no other metal than copper, and are free from 
sulphur and arsenic. 
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The second comprises those ores which do not contain, besides 
copper, any other metal except iron, but in which there is a certain 
amount of sulphur. 

The third class is composed of such ores as, besides sulphur and 
arsenic, may also contain various other metals. 

The apparatus best adapted for the assay of copper ores is a 
wind furnace nearly resembling in form that employed for iron 
assays, but of smaller dimensions. 

For the purpose of assaying copper, a furnace having a depth of 
16 inches will be found amply sufficient. The section of the 
apparatus should be oblong — say 8 x 10 inches, and the fuel 
employed good bard coke, broken into pieces about the size of eggs. 

Obes of the Fiest Class. — When these ores are moderately 
rich, the assay is not difficult, and usually affords satisfactory 
results. The sample is first pounded in a mortar, and, after 
being well mixed to ensure perfect uniformity of composition, is 
intimately blended with three times its weight of black flux.* 
The mixture is now placed in a crucible, which should not be more 
than one-third filled, in order to avoid loss from the expansion of 
the pasty mass when strongly heated, and on the top is spread a 
thin layer of pure black flux. The crucible is now placed in the 
furnace, which must be previously lighted for a short time, in 
order that it may be well heated, and is allowed to remain uncovered 
until its contents have become reduced to a state of tranquil fusion. 
This takes place in about a quarter of an hour, and the crucible is 
then closed by a cover, and the damper opened, so as to expose it 
during another quarter of an hour to the greatest heat of the 
furnace. The crucible is now withdrawn from the fire, and the 
button obtained, either by rapid pouring into a mould or by 
Allowing the assay to cool and then breaking the pot. 

The metallic button (prill), thus obtained, may, if necessary, be 
refined by a process which will be described when treating of the 
Cornish. method of conducting an assay. 

The poorer ores of this class may be conveniently assayed by the 
humid process hereafter given. 

Obes of the Second Class. — The most common minerals 
belonging to this class are the sulphides. 

Mmon for Begulus, — This operation consists in fusing the ore 
with substances capable of eliminating a portion of its sulphur 
and affecting the separation of its earthy and siliceous impurities. 
These conditions are well fulfilled by a mixture of nitre and borax ; 
since, with a proper addition of these reagents, all the ores 
belonging to the second class are fused, with the production of a 

* Black flux is prepared by heating together vo. ^ ^ss^ cxxy;^^^ <st:^^ ^<^MsN.<it 
nitre and two of crude tartar. 
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vitreous slag, and the formation of a well-defined button of regulus. 
When the contents of the crucible are in a state of complete 
fusion, they must be rapidly poured into a cast iron mould of a 
conical form. 

The separation of the button of regulus from the scoria is best 
effected by the use of a hammer furnished with a chisel edge. A 
sheet of paper should be placed under the button during the time 
the slag is being detached, so as to preserye any minute fragments. 

Boasting, — To obtain copper from the sulphides of that metal, 
it is necessary that the sulphur should be expelled by roasting 
before reducing the copper to the metallic state. 

In the case of rich ores producing from 20 to 35 per cent, of 
metallic copper, the roasting and subsequent reduction of the metal 
may be made directly on the mineral itself. In the case, however, 
of poor ores, such as those of Cornwall, which only contain from 6 
to 10 per cent, df metal, it is necessary to begin by obtaining a 
button of regulus as above described. 

The roasting of the rich ore, or regulus, is conducted in the 
crucible in which its fusion with the reducing fiux is to take place, 
and at the commencement care is to be taken not to agglutinate 
the mixture by too strong an application of heat. To conduct this 
operation, the ore or regulus must be first finely powdered in an 
iron mortar, and then put into an earthen crucible, which is 
arranged in a sloping position on the ignited fuel of a furnace, of 
which the draught should be partially cut off by the damper. 
A very moderate heat is by this means obtained, whilst the 
mixture is being continually stirred with* a steel rod, so that every 
particle may in its turn have been exposed to oxidising influences. 
When a certain portion of the sulphur has been driven off, the 
assay becomes less fusible, and the crucible may, without incon- 
venience, be heated to dull redness. At this stage of the operation 
it is found advantageous to heat from time to time the partially 
roasted mass to redness ; since by this treatment the sulphides and 
sulphates become reduced to the state of oxides, by the elimination 
of the sulphurous acid formed through their double decomposition. 

When the odour of sulphur can be no longer observed, and the 
roasting process is consequently far advanced, the heat should for 
some minutes be raised to whiteness, for the purpose of decom- 
posing the sulphates. When this has been done, the crucible is 
withdrawn and allowed to cool. 

Meduction, — In order to obtain the metal from the roasted ore 

or regulus, it may be mixed with one-fourth of its weight of lime, 

from 10 to 20 per cent, (according to the richness of the ore), of 

£neJf pulverized charcoal, and from 1 to 1^ times its weight of 

Boda'asb or pearlash. This m\xt\ae, ^\i«a\»Jtvm^\.^^^ 
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placed in the crucible in wbicb tbe ore or regulus was roasted, 
and covered bjr a tbin stratum of fused borax. Instead of tbe 
powdered cbarcoal above recommended, from 20 to 30 per cent 
of crude tartar may be employed. 

Tbe crucible is now introduced into tbe fire and exposed to a 
strong beat during a quarter of an bour, at tbe expiration of wbicb 
time tbe bubbling of tbe assay will bave entirely ceased, and it 
must now be covered and exposed for a sbort time to a strong red 
beat, bordering on wbiteness. Tbe button may be obtained eitber 
by pouring into a mould, or by cooling and breaking tbe pot. If 
required, tbe button may be refined according to tbe Comisb 
metbod. 

Obes of the Thibd Class. — ^Minerals belonging to tbis class 
must be treated in a similar way to tbose of tbe second, except 
tbat tbe preliminary roasting will, from tbe great fusibility of tbese 
ores, require to be conducted witb more caution, and tne button 
obtained from tbe calcined ore or regulus, instead of being, as in 
tbe former case, nearly pure copper, will consist of an alloy of 
copper witb otber metads. 

When tbe ore contains lead, tbe roasting must be conducted 
witb tbe greatest care, as it tben becomes extremely difficult so to 
moderate tbe beat as to expel tbe arsenic and sulpbur, and at tbe 
same time avoid tbe agglomeration of tbe powder. 

In all cases tbe assay of minerals of tbis class sbould be com- 
menced by a fusion for regulus, as, by operating in this way, tbe 
sulphides are not only reduced to a lower state of sulpburation, 
but a considerable portion of the associated arsenic is eliminated. 

Tbe purification of tbe button of alloy obtained is now to be 
effected, eitber by tbe common Comisb metbod, or by tbe humid 
process, wbicb will be shortly described. 



COBKISH METHOD OE ASSAYING COPPEB OBES. 

The ore to be treated is first pounded and sifted, and a portion 
of it subsequently washed on a shovel, and carefuUy examined as to 
its quality and tbe amount of sulpbur, arsenic, and otber sub- 
stances witb wbicb it may be contaminated. By a little practice in 
tbis operation, it becomes easy to judge of the amount of nitre 
necessary so to attack tbe combined sulpbur, &c., as to yield a 
regulus of the requisite degree of fineness. 

Two hundred grains of tbe mineral to be operated on are now 
weighed out, and intimately blended with a fiux consisting of a 
mixture of nitre, borax, lime, and fluor-spar, and tbe fusion for 
regulus is commenced. The amount of nitre eYSi^ikss^^^ ^^^ ^ 
course, vary witb the quantity of fi\]l|iVi\>x «ii^ «s^\ivi y^^^^^^n^"^ 
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the other fluxes can be used in the following proportions : — Borax, 
5 dwts. ; lime, IJ ladleful ; fluor-spar, 1 ladleful.* When placed 
in the pot, the whole may be covered by a thin stratum of salt. 
The crucible is now strongly heated in a wind furnace for about 
15 minutes, when, its contents being in a state of complete 
fusion, it may be withdrawn, and the melted matter poured into a 
oast iron mould. The button of matt thus obtained is subsequently 
examined, in order to determine whether a proper proportion of 
nitre has been employed. When a proper amount has been used, 
the button obtained should, on being broken, present a somewhat 
steely fracture, and yield from 8 to 12 for 20 of copper. A sample, 
however rank, is never mixed with more than 9 or 9^ dwts. of 
nitre, and if the amount of sulphur is small, 3 dwts. are often 
suflScient. Some of the grey sulphides, the black oxides and 
carbonates, have sulphur added to them, as not having enough, of 
that substance in them for the purposes of assay. 

Very highly sulphurised or rank samples, requiring more than 
9^ dwts. of nitre, are sometimes treated by a somewhat different 
method. In this case the ores are first carefully roasted, and 
subsequently fused for copper with about 5 dwts. nitre, 9 dwts. 
tartar, and 3 dwts. of borax. 

The roasting of the regulus obtained by the first operation is 
performed in a smaller crucible than that used in fusion for matt. 
This button of regulus, after being carefully pounded in an iron 
mortar, is exposed to the action of a slow fire, for the purpose of 
eliminating the sulphur. During the first 15 minutes a very 
low temperature is sufficient ; the heat is then gradually raised for 
about 20 minutes more : during the former period it should be 
constantly stirred with a steel rod. After the first period of 15 
minutes, an occasional stirring will be sufficient. At the close of 
the operation the assay must be subjected to a high degree of heat 
for a few minutes, and then withdrawn and allowed to cool. The 
subsequent treatment for copper is made in the crucible in which 
the roasting has been effected. 

The relative quantities of the fluxes to be employed for this 
operation are regulated by the weight of the button of regulus 
previously obtained. A flux consisting of 2 dwts. nitre, 7 J dwts. 
tartar, and IJ dwt. borax, is sufficient for the reduction of a 
calcined regulus that weighed previous to roasting from 48 to 50 
grains. For a button weighing from 90 to 100 grains, 3 J dwts. of 
nitre, 9 dwts. of tartar, and 2 dwts. of borax should be employed : 
these quantities are, however, seldom weighed ; since, with a little 
practice, it becomes easy to guess with sufficient accuracy the 
relative amounts necessary. 

* The ladle employed for this pmpose \a t!aTOQ-<\>3ArtAra of an inch wide, and 
Jmif-mi-inoh in depth. 



COPF£R OSES. 151 

The button of copper obtained by the process of reduction ia 
seldom sufficiently fine, and is therefore subjected to an operation 
called refining. 

The same crucible being heated to a full red heat, the button is 
thrown in the bottom of it, and at the same time some refining flux 
and salt are placed in the scoop for immediate use.''^ In a few 
minutes after the introduction of the flux a bright surface is pre- 
sented. The crucible is then lifted a little from the fire with a pair 
of tongs, and a gentle agitation given to it. An appearance now 
presents itself similar to that observed in silver previous to its 
separation from the last traces of lead which it contains. Before 
this ceases, the contents of the scoop are introduced and the crucible 
returned to the fire for about 4 minutes. The crucible is now 
withdrawn, and its contents rapidly poured into a mould ; when 
the button will be found quite fine and presenting a slight de- 
pression on its upper surface. 

The slags from the reducing and refining operations are after- 
wards treated by fluxing them with a couple of spoonfuls of tartar 
and a little powdered charcoal. On withdrawal from the fire, the 
copper retained by the slags will assume the form of a small button 
or prill. The weight of this is to be added to that of the principal 
button. 

HUMID METHOD OF ASBA.Y11SQ COFPEB OBES. 

This method of estimating the produce of copper ores consists 
in attacking the sample to be operated on by a mixture of nitric 
and hydrochloric acids, the subsequent elimination of the nitric 
acid, and the precipitation of the copper by metallic iron. The 
whole of the ores belonging to the three classes before described 
may be tre£d:ed by this process. 

The sample to be attacked must first be pulverized, and passed 
through a fine sieve. Of this powder weigh 100 grains and intro- 
duce it into a long narrow-necked flask, which, if obtainable, should 
be made of hard glass. Wash down with sufficient water to 
thoroughly moisten the whole mass, and to remove any portions 
of the substance that may have remained attached to the sides of 
the vessel. Nitric acid is now to be cautiously added, and the 
flask gently heated in a sand-bath ; since, if too large a quantity 
of acid be added at a time, or too strong a heat applied, a violent 
ebullition might ensue, and a loss on the assay be the result. 

When at this stage of the operation the evolution of nitrous 
vapours entirely ceases, or has become much reduced, add gradually 

* The refining flux is composed of two parts of nitre and one of white tartar, 
used together and subsequently pounded. 
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hydrochloric acid, place the flask in an inclined position on the 
sand-bath, and gently boil the mixture. This is to be continued 
until the residue, if any remain, appears bj its colour to be free 
Irom all metallic stains. 

The contents of the flask are now to be transferred to a porce- 
lain dish, and evaporated to dryness, taking care to stir continually 
towards the close of the operation, in order to prevent the mass 
from spirting. When sufficiently cool, moisten with a little 
hydrochloric acid, heat gently, and subsequently add water ; boil, 
and filter into a beaker. 

A piece of bright wrought iron, about 2 inches in length, three- 
quarters of an inch in width, and a quarter of an inch in thickness, 
is now attached to a piece of string, in order that it may be readily 
removed from the solution and lowered to the bottom of the beaker. 
It is essential to the success of this operation, that the piece of iron 
employed should be entirely immersed in the liquid ; since, if this 
be not attended to, the precipitate becomes rapidly oxidised and 
the results consequently renaered inaccurate. The whole must 
now be kept constantly hot until all the copper is thrown down, 
which may be known by the liquid becoming colourless. This 
may also be eonfirmed by trying a drop of the solution on a piece 
of clean zinc, or by the blue colour which is produced by solutions 
containing copper when added to an excess of ammonia. 

Having ascertained that the whole of the copper has been pre- 
cipitated, carefully decant off the supernatant liquor, a small glass 
syphon being employed for this purpose, and repeatedly wash with 
hot water, until the metallic precipitate is entirely freed from any 
traces of chloride of iron. 

The washing water is finally decanted off, leaving the metallic 
copper in the bottom of the beaker, which is now placed in a 
water bath, or in a warm place near the furnace, until it has 
become completely dried. The heat employed for this purpose 
should be extremely gentle, in order to avoid oxidising the product, 
and thereby vitiating the result. The copper thus obtained is 
subsequently brushed out into a watch-glass and weighed; on 
deducting from this weight the tare of the glass the per-centage 
amount of copper will be obtained. 

In case the mineral operated on belongs to the third class and 
contains either lead, tin, or antimony, minute traces only of those 
metals will be found associated with the precipitated copper. When 
lead is present in large quantities, it is, however, best to add a few 
drops of sulphuric acid during the progress of the attack. By this 
means any lead that may exist in the solution will be precipitated. 
When a button of ahoj has been obtained from ores of this 
cJasSj hy the method already described, the per-centage of tin 
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and lead may be readily determined by the following process : — 
Attack the button by strong nitric acid, evaporate to dryness, 
take up with hydrochloric acid, add water, and filter. Then wash, 
dry, and calcine the filter, and each 100 parts of stannic acid 
found represents 78'61 of metallic tin. To the filtrate from the 
stannic acid add a little dilute sulphuric acid, boil and filter. 
After calcination each 100 parts of sulphate of lead represents 
68*28 of metallic lead. 

From the filtrate obtained from sulphate of lead precipitate the 
copper by means of iron as before described. 

When antimony and tin are both present, their separation is 
only to be effected in the hands of a skilful operator and by a 
complicated process of analysis. If, however, antimony be alone 
present, its separation may be accomplished, although less com- 
pletely than in the case of alloys of tin and copper, by the process 
recommended for the separation of those metals. In this instance 
every 100 parts of residue obtained corresponds to about 76 of 
metallic antimony. 

ASSAY OF TIN OEES. 

Oxide of tin, although completely reduced to the metallic state 
by charcoal at a white heat, has such a strong affinity for silica, 
that the highest temperature of a wind furnace is often necessary 
for their separation. For this reason, when great accuracy is 
required, tin assays should be made in lined crucibles and at the 
temperature employed for those of iron ores. 

The nature and proportions of the fluxes employed will neces- 
sarily depend on the amount and compos^ion of the gangue or 
matrix, with which the ore is associated ; but as this is in most 
instances highly siliceous, carbonate of soda and fused borax may 
always be employed with advantage. 

For ores of moderate purity from 30 to 40 per cent, of a mixture 
of equal parts of fused borax and carbonate of soda will be found 
to answer extremely well ; and equally good results are obtained 
by the addition of 40 per cent, of a flux composed of three parts 
of carbonate of soda and one part of finely-powdered lime. 

In Cornwall, where dressed tin ores are alone operated on, the 
following method is employed for making an assay : — 

Two ounces of black tin are intimately mixed with about one- 
third of that weight of finely-powdered culm or anthracite coal, 
and a quarter of an ounce of msed borax. The charge thus pre- 
pared IS now introduced into an ordinary black-lead pot and placed 
in a small wind furnace, in which a strong heat has been already 
got up. At the expiration of a quarter of an hour^ tbe cq\^\sI^^ 
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of the crucible will be observed to be in a state of tranquil fusion, 
and may then be poured rapidly into an iron mould. When removed 
from the fire, the contents of the pot must be well stirred with an 
iron scraper before pouring. The scrapings of the crucible are 
subsequently pulverized in a mortar and carefully washed on a 
shovel, in order to obtain any minute metallic shot they may con- 
tain. These, added to the principal button, are finally weighed, in 
order to determine the per-centage yield of the ore. 

The quality of the metal thus obtained is judged of in relation 
to the fineness of its surface and its toughness. 



ESTIMATION OF ZINC OEES. 

Having pulverized and sifted the sample in the way before de- 
scribed, introduce 100 grains into an evaporating basin and attack 
with nitro-muriatic acid. Renew the acid until the solution is 
complete, and evaporate to dryness. Take up with a small quan- 
tity of hydrochloric acid and dilute with water, then saturate by 
passing a current of sulphuretted hydrogen, and filter. Well wash 
with hot water, and boil the filtrate until completely free from any 
odour of hydro-sulphuric acid. Neutralize with ammonia, and add 
an excess of acetic acid. A current of sulphuretted hydrogen 
must now be again passed through the clear solution, until the 
whole of the zinc is precipitated as sulphide. 

This is to be thrown upon a filter, thoroughly washed with hot 
water, and subsequently re-dissolved by placing the whole in a 
beaker and digesting with dilute hydrochloric acid. The clear 
solution may now be decanted off from the filter-paper into a 
capacious flask having a long neck. This must be placed on a 
sand-bath and heated nearly to ebullition, then carbonate of soda 
added drop by drop in excess, and the liquid boiled for the space 
of a few minutes. 

Before filtering, try, by the addition of sulphide of ammonium 
to a small portion of the clear liquid, if the precipitation has been 
complete. If any flakiness should appear, immediately add a still 
further quantity of carbonate of soda, and continue to boil for a 
few minutes longer. 

The precipitate must at this stage be collected on a filter and 
well washecf, until quite freed from carbonate of soda. To as- 
certain this fact, place a drop of the washings on a piece of 
broken porcelain, and if on evaporation no residue remains, this 
part of the operation is to be regarded as finished. Then dry and 
transfer to a porcelain crucible, carefully detaching by friction any 
particles that may be adhering to the ^a^er. 
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The crucible with its contents is now gradually heated until it 
becomes red hot, at which temperature it should be kept for 
several minutes, and then allowed to cool. When cold, weigh, 
and again expose to a red heat; repeat this until the weight 
becomes constant. 

Deduct the weight of the empty crucible from the first weight, 
and the remainder will be the amount of oxide of zinc contained 
in the sample. 100 parts by weight of this oxide are equivalent 
to 80 '26 of metallic zinc. 

This method of determination' is applicable to all the ores of 
zinc ; if, however, the sample contains a large proportion of iron, a 
modification of this process will sometimes become necessary. 

ASSAY OE LEAD OEES. 

The ores of lead may be divided into two classes. 

The first class comprehends all the ores of lead which contain 
neither sulphur nor arsenic, or in which they are present in small 
proportion only. 

The second class comprises galena, together with all lead ores 
containing sulphur, arsenic, or their acids. 

From the facility with which this metal is volatilised when 
strongly heated, it is necessary to conduct the assay of its ores 
at a moderate temperature. 

The furnace best adapted for making lead assays is constructed 
similarly to those used for testing iron ores, but is of smaller 
dimensions. For this purpose the cavity for the reception of fuel 
should be 9 inches square, and the height of the flue-way from 
the fire-bars about 14 inches. For ordinary ores a furnace 8 
inches square and 12 inches deep will be found sufficient ; but as it 
is easy to regulate, by a damper, the heat of the larger apparatus, 
it is often found aavantageous to be able to produce a high 
temperature. 

A furnace of this kind should be connected with a chimney of 
at least twenty feet in height, and be supplied with good coke, 
broken into pieces of the size of eggs. 

Ores op the First Class. —The assay of ores of this class is 
a very simple operation, care being only required that a sufficient 
amount of carbonaceous matter be added to efiect the reduction of 
the metal, whilst such fluxes are supplied as will afford a readily- 
fusible and liquid slag. 

When the sample has been properly reduced in size, 400 grains 
are weighed out and well mixed with 600 grains of carbonate of 
soda, and from 40 to 60 grains of flnely-powdered charcoal, accord- 
ing to the richness of the mineral operated on* 



156 ABSATSrO. 

This is introdaced into an earthen crucible, of anch a aise as 
not to be more than one-half filled by the mixture, and an tiie top 
of the whole is placed a thin layer of common salt. The crndble 
is then placed in the furnace and gently heated, care being taken 
to so moderate the temperature, that the mixture of ore and flux, 
which soon begins to soften and enter into ebullition, may not 
swell up and flow oyer. If the action in the crucible becomes too 
strong, it must be checked by its remoral from the fire, or by a 
due regulation of the heat by means of the damper. When the 
action has subsided, the temperature is again raised during a few 
minutes, and the assay completed. During the process of re- 
duction, the heat should not exceed dull redness ; but in order to 
complete the operation, and render the slag sufficiently liquid, the 
temperature should be raised to bright redness. 

when the contents have been reduced to a state of tranquil 
fusion, it must be removed from the fire and the aasar eith^ 
rapidly poured, or after being tapped against some hard body, to 
collect the lead in a single gloDule, be set to cooL When the 
assay has been successfully conducted, the cooled slag will present 
a smooth concave surface, with a vitreous lustre. When cold the 
crucible may be broken, and the button extracted. To remove 
from it the particles of adhering slag, the button is hammered on 
an anvil, and afterwards rubbed with a hard brush. 

Instead of employing carbonate of soda and powdered charcoal 
the ore may be fused with 1^ times its weight of black flux and 
the mixture covered by a thin layer of borax. 

Good results are also obtained by mixing together 400 grains of 
ore with an equal weight of carbonate of soda and half that quantity 
of crude tartar. These ingredients, after being well incorporated, 
areplaced in a crucible, and slightly covered by a layer of borax. 

'Each of the foregoing methods yields good results, and affords 
slags retaining but a small proportion of lead. 

Obes of the Second Class. — This class comprehends galena, 
which is the most common and abundant ore of lead, and also com- 
prises sundry metallurgic products, as well as the sulphates, phos- 
phates, and arseniates of lead. 

Ghlena, — The assay of this ore is variously conducted ; but one 
of the following methods is usually employed for commercial 
purposes. 

Fusion with an alh aline flux. — Ttis operation is conducted in 
an earthen crucible, which is to be kept uncovered until its con- 
tents are reduced to a state of perfect fusion. 

The powdered ore, after being mixed with three times its weight 
of carbonate of soda and 10 per cent, of fin^y pulverized charcoal, 
is slowly heated in an ordinary assay furnace until the mixture has 
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become perfectly liquid, when the pot is removed from the fire, and, 
after having been gently tapped, to collect any globules of metal 
that may be held in suspension in the slag, is put aside to cool. 
When sufiBciently cold, the crucible is broken, and a button of 
metallic lead will be found at the bottom : this must be cleansed 
and weighed. 

In place of carbonate of soda pearlash may be employed, or the 
fusion may be effected with black flux alone. When the last- 
named substance is used a somewhat longer time is necessary for 
the complete fusion of the assay. Each 100 parts of pure galena 
will by this method afford from 74 to 76 parts of lead. 

Some of the old assayers were in the habit of first driving off 
the sulphur by roasting, and afterwards reducing the resulting 
oxide with about its own weight of black flux. 

This method, from the great fusibility of the compounds of lead, 
requires very careful management, and at best the results obtained 
are unsatisfactory. Pure galena by this method can rarely be made 
to yield more than 70 per cent, of lead. 

Fusion with Metallic Iron. — Mix the ore to be assayed with 
twice its weight of carbonate of soda, and, after having placed it in 
an earthen crucible, of which it should occupy about one-half the 
capacity, insert with their heads downward three or four ten-penny 
nails, and press the mixture firmly around them. On the top place 
a thin layer of borax, which should be again covered with a little 
common salt. The whole is now introduced into the furnace and 
gradually heated to redness ; at the expiration of ten minutes, the 
temperature is increased to bright redness, when the fluxes will be 
fused and present a perfectly smooth surface. When this has 
taken place, the pot is removed from the fire, and the nails are 
separately withdrawn by the use of a small pair of tongs, care being 
taken to well cleanse each in the fluid slag until free from adhering 
lead. When the nails have been thus removed, the pot is gently 
shaken, to collect the metal into one button, and laid aside to cool ; 
after which it may be broken, and the button removed. 

Instead of first allowing the slags to cool and then breaking the 
crucible, the assay may, if preferred, after the withdrawal of the 
nails, be poured into a mould. 

Assay in an Iron Pot, — Instead of adding metallic iron to the 
mixture of ore and flux, it is generally better that the pot itself 
should be made of that metal. 

For this purpose, a piece of half-inch plate-iroD, is turned up 
in the form of a crucible and carefully welded at the edges. The 
bottom is closed by a thick iron rivet, which is securely welded to 
the sides, and the whole then finished on a )jrQ^«t\N fetxssa^ 
mandril. To make an assay in a crucM© ot >i)D\a V\sA.,^ Ss^ "^"^ 
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heated to dull redness, and, when sufficiently hot, the powdered 

ore, intimately mixed with its own weight 
of carbonate of soda, half its weight of 
pearlash and a quarter of its weight of 
crude tartar, is introduced by means of 
a copper scoop. On the top of the whole 
is placed a thin layer of borax, whilst the 
*^coop- crucible, which, for the ready introduction 

of the mixture, has been removed from the fire, is at once replaced. 
The heat is now raised to redness, the contents gradually becomisg 
liquid and giving off large quantities of gas. At the expiration of 
from eight to ten minutes the mixture will be in a state of com- 
plete fusion ; the pot is now partially removed from the fire, and 
its contents briskly stirred with a small iron rod. Any matter 
adhering to its sides is also scraped to the bottom of the pot, 
which after being again placed in a hot part of the furnace is heated 
during three or four minutes to bright redness. 

The crucible is then seized by a strong pair of bent tongs, on 
that part of the edge which is opposite the lip, and its contents 
rapidly poured into a cast iron mould. The sides of the pot are 
now carefully scraped down with a chisel-edge bar of iron, and the 
adhering particles of metallic lead added to the portion first 
obtained. When sufficiently cooled the contents of the mould 
are easily removed, and the button of lead cleaned and weighed. 
By this process pure galena yields 84 per cent, of metallic lead, 
free from any injurious amount of iron, and perfectly ductile and 
malleable. 

This method of assaying is that adopted in almost all lead- 
smelting establishments, and has the advantage of affording good 
results with all the ores belonging to the second class. 

Assay in the Iron Dish, — In some of the mining districts of 
"Wales, the assay of lead ore is conducted in a manner somewhat 
different to that just described. Instead of fusing the ore in an 
iron crucible with carbonate of soda, pearlash, tartar and borax, 
the fusion is effected in a flat iron dish, without the admixture 
of any sort of flux. This dish is made of a thick piece of sheet 
iron, curved into the form of a basin, and provided with a lip by 
which the metal is poured off, and a shank for affording a better 
holdfast to the tongs by which it is taken from the fire. 

The ore operated on is first coarsely powdered and well mixed, 

so as to ensure a fair sample : eight ounces are then weighed out 

and placed in the dish, which is covered by a lid of sheet iron and 

heated in the fire of a smith's forge until the ore begins to decre- 

pitate. The heat is then raised to full redness, and at the expirar 

tlon of about a quarter of an Yloxjgc, ^i\3A ^<&^\sv^Q%vtiQn. of the 
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sulphide will be complete. The dish is now removed from the fire, 
and the reduced lead poured into an iron mould, whilst the slag 
and sulphide of iron formed, are retained in the dish by a piece of 
wood held before the spout for that purpose. The dish, together 
with the slags and sulphide of iron, is afterwards again placed in 
the fire and heated to bright redness, by which the last portions of 
lead adhering to the scoria are obtained. The contents of the 
vessel may be now thrown away, as containing no further amount 
of lead. 

This apparently rude method of assaying yields, in experienced 
hands, results closely approximating to those afforded by the 
reverberatory furnace. By this means from pure galena 80 per 
cent, of lead may be obtained ; but with the poorer varieties of ore, 
it is extremely doubtful if satisfactory results could be obtained. 
The ladles used for this purpose are rudely made of iron, which, if 
about one-fourth of an inch in thickness, will last during three or 
four separate trials. 

The sulphates of lead are readily reduced by simple fusion with 
carbonate of soda and crude tartar, in an earthen crucible ; but 
when phosphorus or arsenic is present in ores, their assay should 
be conducted in an iron pot, with a proper admixture of carbonate 
of soda, pearlash, tartar, salt, and fused borax. 



ASSAY FOE SILVEE. 

ESTIMATION OF THE SILVER CONTAINED IN LEAD ORES. 

From the large quantities of silver contained in some varieties 
of galena, and other lead ores, it is necessary, in order to judge of 
theu" commercial value, to ascertain the precise amount of this 
metal afforded by them. 

Cupellation. — This process is founded on the fact, that when an 
alloy of lead and silver is exposed in a state of fusion to the action 
of a current of air, the former metal neither gives off perceptible 
vapours nor becomes sensibly oxidised, whilst the lead rapidly 
absorbs oxygen, with the formation of a readily fusible oxide. 

In order, then, to extract the silver contained in metallic buttons 
obtained from the assay of lead ores, it is merely necessary to 
expose them on a porous medium to such a temperature as will 
oxidise the lead, whilst the silver is not so affected. The litharge 
thus produced is absorbed by the porous body on which the assay is 
supported, and nothing but a small button oi pure silver ultimately 
remains on the test. These supports ate ^^^^ cui^eU^ «s^ "Oi^^ 





made of bone-aab, slightlj moiBtened with ft 
little water, and conBohdated bj pressure into 
i aa iron mould. The furnace employed for this 
I purpose resembles those used for the assay of 
lead and copper ores, but is prorided with a 
muffle or small D-sbaped retort, in which the 
cupels are heated to the required temperature. 
This muffle is composed of fire-claj, 
closed at one end, and fumisbed 
with small openings in the sides 
and end, in order to allow of a free 
circulation of air through it. When 
, ilied it is 80 arrangea that whilst 
one of jte extremitieH is supported 
by a proper shelf, the other cor- 
responds with an opening in the 
furnace, to the aides of which it is luted by a little fire-clay. The 
muffle tbuB placed can be equally heated in every part by a supplv 
of ignited fuel, whilst the openings in Jta ends and sides admit 
of the establishment of a current of air from the open end through 
the interior of the muffle, to the furnace itself. To light this 
apparatus a little burning coke or charcoal is introduced mto ths 
furnace, which is subaequeutly fiUed with fuel. The damper is 
now opened and as soon as the muffle baa become red hot, six or 
ei){bt cupele, which have been drying in the mouth of the opening, 
are introduced by means of proper tongs, and the button covered 
with a little bone-ash in order to prevent its being attacked, in 
case of any portion of lead being spilt during the progress of the 
subsequent operations. The open end of the muffle is now closed 
by means of a fire tile, or a door arranged for that purpose, so as 
to prevent the introduction of cold air, and the cupels are thus 
raised to the temperature of the muffle itself. When this takes 
place the door is removed, and into each of the cupels is in- 
troduced, by a pair of slender tongs, a button of the lead to be 
assayed. The aperture is now again closed during a few minutes, 
to facilitate the fusion of the alloy, and on its removal each of the 
cupels will be found to contain a oright metallic globule, in which 
state the assay is said to be uncovered. Tinder these circumstances, 
the lead is quickly converted into litharge, which is absorbed by 
the bone-ash of the cupel as rapidly as it is produced, whilst at 
the same time there arises a wbite vapour that fills the muffle, and 
is gradually carried off by the door and through the openings in 
the sides and end. A cuvular stain is at the same time formed 
around the globule of metal, which gradually extends and pene- 
trates into tne substance of t\ke cn^\. "Wai^ii oftatl; the whole 
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of the lead has thus been removed, the remaining bead of rich 
alloy appears to become agitated by a rapid circular motion, which 
seems to make it revolve with great rapidity. At this stage the 
motion will be observed suddenly to cease, and the button, after 
having for an instant emitted a bright flash of light, becomes 
perfectly immoveable. This is called the hrightening of the assay, 
and a button of silver now remains on the cupel. 

If the cupel were abruptly removed from the muffle, the me- 
tallic globule would be liable to sprout or vegetate, by which a 
portion of the metal might be thrown off, and a certain amount of 
loss be thereby entailed. To prevent this taking/ place, and to 
guard against any loss of metal, the cupel in which the assay has 
brightened should be immediately covered by another, kept red-hot 
for that purpose. The two are now gradually withdrawn together, 
and, after having sufficiently cooled, the upper cupel is removed, 
and the globule of silver detached and weighed. 

From the fact that silver becomes sensibly volatile at very 
elevated temperatures, it becomes necessary to make cupellations 
of this metal at the lowest possible heat at which they can be 
effected. The temperature beat fitted for this operation is obtained 
when the muffle is at a full red heat, and the vapours which arise 
from the assays curl gradually away, and are finally removed by 
the draught. When the muffle is heated to whiteness, and the 
vapours rise to the top of the arch, the heat is too great : and 
when, on the contrary, the fumes lie over the bottom, and the 
sides of the openings in the muffle begin to darken, a little more 
fuel must be added or the draught increased. 

If an assay has been properly conducted, the button of silver 
obtained is round, bright, and smooth on its upper surface, and 
beneath should be crystalline and of a dead-white colour ; it is 
easily removed from the cupel, and readily freed from litharge. 
The globule is now laid hold of by a pair of fine pliers and flattened 
on a small steel anvil, by which the oxide of lead which often 
attaches itself to it, becomes pulverized, and may be removed by 
rubbing with a small hard brush. The flattened disc is then 
examined by the aid of a lens, in order to be sure that it is perfectly 
clean, and afterwards weighed in a balance capable of turning with 
one- thousandth of a grain. 

The fuel employed in the furnace consists of hard coke broken 
into small pieces. 

When the ores of lead, in addition to silver, contain a certain 
amount of gold, the button remaining on the cupel is an alloy of 
these metals. 

For commercial purposes, the silver contained in any gjlveTi. 
mineral or alloy is estimated in. ounce^) ^jemi^'^ev^'wak «xA ^^ss^a.^^ 
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one ton of ore or alloj being nsuallj taken as the standard of 
nnity. 



TABT.K BHOWnrO THE WEIGHT OF BILVEB TO THE TON 


OF OBE OB ALLOT 


OOBBEBPOITDINO TO THE WEIGHT IK GBAIEB OBTAINED FBOM 400 OBA1H8 


or THE BUB8TAK0B OFSBATED ON. 




If 400 grains give 
fine metal 


One ton will yield 


If 400 grains give 
fine metal 


One ton win yiald 


Gxaina 


OE. dwt. gr. 


Orains 


OS. dwt. gc 


•001 


1 16 


•600 


49 


•002 


8 8 


•700 


67 3 8 


•008 


4 21 


•800 


66 6 1€ 


•004 


a 12 


•900 


73 10 


•006 


8 4 


1-000 


81 13 8 


•006 


9 19 


1-600 


122 10 


•007 


11 10 


2-000 


16S 6 16 


•008 


18 1 


2^600 


204 8 8 


•009 


14 16 


8-000 


246 


•010 


16 8 


8*600 


286 16 16 


•020 


1 12 16 


4000 


826 13 8 


•080 


2 9 


4-600 


867 10 


•040 


8 6 8 


6-000 


408 6 16 


•060 


4 1 Id 


6-600 


449 8 8 


•060 


4 18 


6000 


490 


•070 


6 14 8 


6-600 


630 16 16 


•080 


6 10 16 


7-000 


671 13 8 


•090 


7 7 


7-600 


612 10 


•100 


8 8 8 


8-000 


663 6 16 


•200 


16 6 16 


8600 


694 3 8 


•300 


24 10 


9-000 


736 


•400 


32 13 8 


9-600 


776 16 6 


•600 


40 16 16 


10-000 


816 13 8 



Assay or Silteb Obes kot oonrrAiKiNG Lead. — In tbe 
assaj of ores belonging to this class, it is usual to obtain the metals 
which they afford in the form of alloys with lead ; and these are 
subsequently passed to the muffle and cupelled in the ordinary 
way. 

Ores of silver in which the metals exist in the form of oxides, 
are commonly fused with a mixture of litharge* and powdered 
charcoal, by which an alloy of lead is obtained, which is afterwards 
treated by cupellation. The amount of litharge thus employed 
must be varied according to circumstances, as the resulting outton 
should not be too rich, since in that case a portion of the silver 
might be lost in the slag : nor too large, as the cupellation would 
then occupy a longer time, and a loss through volatilisation be tiie 
consequence. 
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In most cases, if 400 grains of ore be operated on, a button of 
200 grains will be a convenient weight for cupellation ; this may 
be obtained by the addition of 400 grains of litharge, and from 7 
to 8 grains of pulyerized charcoal. This is to be well mixed with 
200 grains of carbonate of soda or pearlash, and introduced into 
an earthen crucible, of which it should not fill more than one* 
half the capacity. This is now covered by a layer of borax, and 
fused in the usual assay furnace, taking care to remove it from the 
fire as soon as a perfectly liquid slag has been obtained, since the 
unreduced litharge might otherwise be liable to cut through the 
crucible and thus spoil the assay. When cold the pot is broken, 
and the button of alloy cupelled in the ordinary way. 

In this, and all other similar experiments, it is necessary to 
ascertain the standard of the lead obtained from the litharge used, 
in order to make the requisit^e deduction from the results obtained. 
When fine litharge is employed the resulting lead contains so 
small an amount of silver, that for most commercial purposes it 
may be disregarded. 

When other minerals than oxides are to be examined, the addition 
of charcoal becomes in many cases unnecessary, since litharge 
readily attacks all the sulphides, arsenio-sulphides, &c., and 
oxidises many of their constituents, whilst a proportionate quan- 
tity of metallic lead is at the same time set free. The slags thus 
formed contain the excess of litharge, and the button of alloy 
obtained is subjected to cupellation. The proportion of oxide of 
lead to be added to ores of thi« description varies in accordance 
with the amounts of oxidisable substances present ; but it must 
always be added in excess in order to prevent any loss of silver 
from the action of sulphides remaining m the slags. 

The only objection to be made to this method of assay is the 
large quantity of lead produced for cupellation, — since iron pyrites 
afford by the reduction of the litharge 8^ parts of lead, whilst 
sulphide of antimony and grey copper ore yield from 6 to 7 parts. 
This inconvenience may however be obviated by the previous 
oxidation of the mineral, either by roasting op by the aid of nitre, 
from the judicious employment of which buttons of almost any 
desired weight may be obtained. 

Should this reagent be employed in large etcess, it would cause 
the oxidation of all the metallic and combustible substances 
present in the mineral, not even excepting the silver. 

When, however, the mixture contains at the same time a large 
excess of litharge and the quantity of nitre added is not sufficient 
to decompose the whole of the sulphides, a reaction takes place 
between the undecomposed sulphide and the oxide of lead aad5&<^^ 
which gives rise to the formation o? mettS&^\eai^*^\A^^^^^'"«^- 
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biniDg with tbe silver, affords a button of alloj, which maj be 
treated by cupellation. 

The quantity of nitre to be used for this purpose will depend 
on the nature and richness of the ores under examination ; but it 
must be remembered that 2|- parts of nitre will decompose and 
completely oxidise pure iron pyrites, whilst I4 and f rds its weight 
are in the case of sulphide of antimony and galena respectiyelj 
sufficient. 

In cases when the excess of sulphur present is very great, a 
partial roasting of the ore is preferable to the addition of laige 
quantities of nitre. 

Instead of operating according to any of the processes above 
described, it is sometimes found advantageous to expel the whole 
of the arsenic and sulphur, by means of a careful roasting, and 
then to fuse the sample thus prepared with a mixture of litharge, 
carbonate of soda and borax, takmg care at the same time to a^d 
a sufficient amount of some reducing flux to obtain a button of 
convenient size. 

When in addition to silver the mineral operated on contains 
gold, the button obtained by cupellation will consist of a mixture 
of these metals, which may be separated in accordance with a 
process which will be shortly described. 

ASSAY OF GOLD OEES. 

Minerals containing gold are assayed in precisely the same way 
as the corresponding ores of silver. 

This metal usually occurs in a quartorze gangue, and is fre- 
quently associated with more or less iron pyrites. 

To make an assay of auriferous quartz, a given weight of the 
sample to be operated on, is to be finely pulverized and sub- 
sequently well mixed with litharge, carbonate of soda, borax, and 
an amount of pounded charcoal sufficient for the production of a 
button of lead of a convenient size for cupellation. The metalHc 
button remaining on the cupel after this operation will contain 
the whole of the gold present in the ore, together with any silver 
that may be associated with it, as well as a certain portion of that 
metal derived from the lead of the reduced litharge. 

In the case of poor ores, containing less than half an ounce of 
fine gold per ton, the silver derived from the litharge will frequently 
be amply sufficient for the purposes of inquartation ; whilst, for the 
examination of richer ores, the addition of a little pure silver, at 
the time of placing the button on the cupel, is often necessary. 

When, in addition to gold, the ore contains iron pyrites, or any 
other &alpbunBed mineral, \tfre(\]aen\\^WY^^Tv.%tVA.t the admixture 
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of charcoal, or any other reducing agent, becomes unnecessary, and 
the fusion may be made with litharge alone. 

When pyrites, or any metallic sulphide, is present in large quan- 
tities, the sample must be first roasted until all traces of sulphur 
have ceased to be evolved, and then treated as in the case of sub- 
stances not containing that body, but with the addition of a 
larger proportion of borax. It is, however, to be remembered that, 
when any of these compounds contain sulphur, it is of the greatest 
importance that the whole of it should be removed during the 
process of assaying; since otherwise, and more particularly in 
presence of alkaline sulphides, a portion of the gold would enter 
into combination with the slags in such a way as not to be separated 
from them by the action of metallic lead. 

It may be proper here to remark, that, although it is exceedingly 
easy to estimate with great accuracy the amount of the precious 
metals contained in a given specimen of ore, it is something more 
difficult to obtain a fair average sample of the total produce of a vein. 
When the gold is in a fine state of division, and equally dissemi- 
nated throughout the gangue,. this presents but comparatively 
little difficulty ; but when, on the contrary, it is granular, and occurs 
in pockets and irregular deposits, the reverse is sometimes the 
case. 

It is therefore of the highest importance, that whenever ores are 
to be assayed for gold the greatest care should be observed in 
taking the samples on which the operation is to be conducted. 
With this view, the heaps should be cut through, two or three tons 
being taken from each pile of importance, and reduced to fragments 
of the size of beans : this may be done, where crushing machinery 
is not at hand, by huchmg on an iron plate. 

The ore thus prepared is now to be thoroughly mixed, made 
into a pile, and again cut through, taking out of it this time from 
three to four hundredweights, which are reduced to a state of 
fine powder, either in a large mortar, a small crushing-miU, 
or by grinding on an iron plate. After well mixing, this pounded 
ore is again cut through^ and about twenty pounds weight of it 
taken, for the purpose of being still further reduced in size and 
passed through a sieve of fine wire gauze : on this last from three 
to six different assays are to be made, and their mean results taken 
as the produce of the ore examined. By operating in this way 
almost absolute accuracy may be ensured ; but, where a less degree 
of exactitude is sufficient the quantities of ore crushed may be 
somewhat reduced and the number of assays fewer. 

Fusion with Litharge and Carbonate of Soda, Sfc, — When the 
quartz does not contain an appreciable quantity of iron pyrites^ <\it 
any other sulphide, weigh 2,000 gta. oi fciA^ y^'^^'^'**^^ ort^^i^^isi^ 
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carefully mix it with twice that weight of litharge, 2,000 grs. of 
carhonate of soda, and from 16 to 20 grs. of finely-powdered char- 
coal. Introduce this into a crucihle, of which it should not occupy 
more than one-third the capacity, and heat in an ordinary assay 
furnace, until the whole is in a state of the most perfect fusion, 
when the crucible is withdrawn and allowed to cool. When 
sufficiently cold it is broken, and the button of lead extracted and 
cupelled. This method, for the assay of gold quartz, is preferable 
to pouring into a mould. 

Fusion with Bed Lead or Litharge. — When the sample of quartz 
operated on contains a sufficient amount of sulphide to reduce 
a convenient quantity of lead for cupellation, the assay may be 
sometimes effected by the addition of litharge or red lead only. 
In this case, the oxide of lead must be employed in large excess, 
and 2,000 grs. of the ore may be fused with from three to four 
times its weight of litharge or red lead. 

AuriferotM Pyrites, — To determine the amount of gold contained 
in auriferous pyrites, the sample should be roasted until the odour 
of sulphur has ceased to be evolved. If, as in the former experiment, 
the weight originally taken be 2,000 grs., mix with 1,000 grs. of 
dry carbonate of soda, 1,000 grs. of red lead or litharge mixed with 
charcoal, and 1,000 grs. of dried borax ; heat, and in other respects 
proceed as before. 

Cupellation, — The cupellation of the buttons thus obtained is 
to be conducted as described under the head of assays for silver. 

Inquartation. — In order to dissolve out silver by nitric acid 
from an alloy of gold and that metal, it is essential that the silver 
should exceed in weight about three times the gold present. It is 
consequently necessary that, when the amount of gold in tlie leaden 
button is approximatively known, the piece of pure silver added 
should be of such a weight as nearly to satisfy these conditions. 
The only inconvenience, however, attending the additiop of too 
large a proportion of silver, is the circumstance that the gold ob- 
tained by the subsequent action of acid is thereby rendered 
flocculent and somewhat more difficult to collect. 

Farting. — The button remaining on the test, after cupellation, 
is first afiowed to cool, then flattened with a small bright-faced 
hammer on a steel anvil, and carefully cleaned with a hard brush. 
After being examined by the aid of a lens, to satisfy the operator 
that it is perfectly free from extraneous matter, the flattened 
button is taken between the jaws of a pair of pliers and dropped 
into a long-necked flask, of about 2 oz. capacity, containing nitric 
acid of about sp. gr. 1-25 and perfectly free from any trace of 
Jb/drochloric. The flask and its contents are now heated in a 
Bondrb&th^ until all actioix on t\ie m<e^Vv«A <2«A.^d^ ^ater ia added, 
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and the liquid carefully decanted off. A little more acid is poured 
on the assay, and again made to boil, water is added, and the liquid 
drawn off as before. The residual gold is now carefully wasned 
by decantation, and finally turned out, by a little careful manipula- 
tion, into a small porcelain capsule, where it is slowly dried in a 
water-bath, or by some other gentle heat, finally ignited to redness, 
and subsequently transferred to the pan of a delicate balance, 
where it is weighed. By dividing the weight obtained by 5, and 
comparing it with the assay table, page 162, the amount of fine 
gold contained in a ton of ore will be determined. 

When the ore treated contains silver in addition to the gold, 
and it is desirable to estimate its amount, it becomes necessary to 
first cupel the button of lead without the addition of silver ; the 
prill thus obtained is weighed, and its weight noted, deduction being 
made for the amount of silver derivable from the reduced litharge, 
which must be ascertained by another experiment. If necessary 
for the parting, more silver is added, oy folding the button 
together with a bit of pure silver in lead foil, and again cupelling. 
Lastly, the button is dissolved in nitric acid, and the gold weighed. 
The weight of silver present in the ore will consequently be repre- 
sented by that of the button of alloy obtained from the first cupel- 
lation, less the united weights of the gold, and the silver yielded by 
the reduced litharge. 

In conclusion, we cannot do better than adopt the words of Dr. 
Percy, who, in his published lecture on gold, when speaking on 
this subject, says : '' Above everything be particular in obtaining 
an honest and fair average sample. This is a matter of paramount 
importance and of no small difficulty in many cases. But let there 
be honesty of intention, and this difficulty will be generally sur- 
mounted. ** 
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BESSEMEE'S lEON PEOCESS. 



At the late meeting of the British Association for the Ad- 
yancement of Science, held at Chelteoham, a paper was read by 
Mr. Bessemer on an improved method of manufacturing iron. 
Mr. Bessemer's experiments received great attention, and created 
much surprise : whilst the change in the iron manufacture, which 
it was supposed would immediately foUow, occasioned an excitement 
almost amounting to a panic 

The elimination of carbon and other impurities contained in 
cast iron, takes place bj virtue of a process called cementation, 
in which a chemical change is propagated through solid bodies 
from the exterior towards the centre, or in a contrary direction. 
This process is well iUustrated bj the annealing of cast iron, and 
the production of malleable iron articles at present so largely 
practised. Small objects made of cast iron are imbedded in finely- 
powdered peroxide of iron, and then heated for periods of greater 
or less duration. The oxygen contained in the oxide of iron is 
thus made to combine with the carbon existing in the cast iron, 
which is thereby eliminated, whilst metallic iron is the result. 
This removal of the carbon, "which commences at the surface, 
gradually proceeds inwards, until the whole substance of the 
object has become decarbonised, and converted from cast iron into 
soft wrought iron, without the article having in any respect changed 
its form. In the manufacture of steel the converse of this takes 
place. In this case, bars of wrought iron are surrounded with 
carbon and strongly heated during a considerable period, by which 
means the combination of the carbon with the iron, which com- 
mences at the surface, slowly penetrates the mass. 

By the ordinary process of manufacture, the carbon and other 
impurities contained in cast iron are removed in a similar way, 
and its conversion into wrought iron thereby effected. In this 
operation, slags, containing large quantities of oxide of iron, play 
an important part, since the air merely acts superficially on masses 
of fused iron, even when kept in motion. The oxide, however, 
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which is superficially formed, becomes mixed with the mass of metal 
yielding oxygen to the silicon present, which dissolves more oxide, 
whilst the carbon is converted into carbonic oxide gas, which escapes. 
During the puddling, and hammering or shingling and rolling of 
iron, the slag is first thoroughly incorporated with the metal, and, 
having effiected its work, is entirely squeezed from the mass. 

If cast iron from the blast furnace consisted of iron and carbon 
only, the manufacture of steel and wrought iron therefrom would 
be comparatively easy ; but in addition to carbon, cast iron contains 
silicon, sulphur, and phosphorus, together with minute quantities 
of aluminium, calcium, and potassium. The conversion of cast iron 
into wrought consists in the removal of these impurities. By the 
ordinary process this purification consists in submitting the metal 
to the action of air, and subsequently to a series of kneadings and 
squeezings, by which the slags formed are removed. The principal 
chemical changes are at present efiected in the refinery and 
puddling furnace ; but Mr. Bessemer proposes to effect the same 
object by the use of air alone. He forces large quantities of air 
into the fused cast iron ; the temperature becomes exceedingly 
elevated, and wrought iron of good quality is said to be the result. 
The heat produced is stated to arise from the combustion of the 
carbon, the whole of which, together with the other impurities, is 
said to be removed. It would, however, be remarkable that the 
combustion of the carbon — the maximum quantity of which is five 
per cent. — should produce the great heat described; and there can be 
no doubt but that the iron itself is at the same time rapidly oxidised. 

Since the announcement of Mr. Bessemer's process, various 
other claimants have presented themselves. In a method patented 
by Mr; Plant as early as the year 1849, currents of air and steam 
are directed upon the surface of the iron while it is in the puddling 
furnace. By Mr. Martien's process, patented September 5th, 1855, 
currents of air and steam are forced through the melted cast iron 
as it runs from the blast furnaces. Mr. Bessemer, in accordance 
with his patent bearing date January 4th, 1856, forces jets of air 
and steam through the metal in a vessel or apparatus into which it 
has been run in a fluid state from the bla»t furnace in which it 
was produced. 

The specification of Mr. Plant's patent does not appear to have 
been published ; but from a condensed report to be found in the 
London Journal of Arts, we obtain the following information. 

The date and title of Mr. Plant's patents are as follows : — 

" Letters patent to Eeuben Plant, of Holly Hall Colliery, near 
Dudley, in the county of Worcester, coalmaster, for improvements 
in making bar or wrought iron. Patent dated July 18th, 1849. 
For a puddling furnace of the ordinary dimeiiavMi^^'^Vifc't^^^x^^ 
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until the wheels carrying it are supported by the wooden frame or 
rail beneath. On approaching the termination of the upstroke, 
the wheels of the rake rest ascend inclined bosses on the top of the 
wooden frame, until the catches (which are furnished with little 
balance weights) fall under the scraper frame, and thus retain the 
rakes in this position during the return stroke.. Prom the in- 
clination of the scrapers the orey matter is passed from one side of 
the huddle to the other, and in its progress the gangue is so far 
separated that clean ore is discharged in the first bin, whilst good 
seconds are found in the adjoining one. This machine makes 24 
strokes per minute, and is provided with 15 rakes. It requires 67 
gallons of water for the wheel and huddle during the same period, 
and washes 40 tons of stuff per 10 hours, yielding 12 tons of best 
and 4 tons of second ote. The waste averages 2 per cent, of ore. 
Its cost is as follows : — 

Smith's work, including materials ; work of 

firstquaJity £18 10 

Timber and Carpenters' work, complete ... 13 

£31 10 



This machine has been found highly advantageous for separating 
blende from lead ore; its conatruction and mechanical action 
reflect great credit on t&e inventors. 

GBBUAK nOT A.inaKk BUBBLE. 

The object of this machine is to s^arate the earthy matters from 
ores, in a finely divided state, move readily than by the ordinary 
round huddle. To effect this, the slime is introduced at a point 
near the centre of a large, rotating, slightly conical table, and, 
flowing down towards its periphery, a small portion of the upper 
part or head becomes directly freed from extraneous substances, 
beyond this line of separation in the direction of the circum- 
ference, the stuff is subjected to the cutting action of a series of 
brushes or rakes, and by means of a sheet of water flowing over 
the agitated slime, clean ore is said to be produced almost at a 
single operation. 

The illustration repitesents this machine as first erected at 
Clausthal ; but it may be remarked that its mechanical details have 
since been judiciously modified,- without affecting its principle, by 
Mr. Zenner of Newcactle: A is an axis supporting and giving 
motion to the table ; B, conical table 16 feet diameter, rising towards 
the centre one inch per foot ; o, small cast iron tooth-wheel 1^ feet 
diameter ; b, tangent screw operating on wheel o ; e, drum receiving 
motion from water-wheel ; r, tooth-wheel driving small ^VyeiJ^ i\*^'^ 
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axis of whicli has a crank giving motion to a rod fitted with 
brushes ; G, annular receiving box 4 J inches wide, 6 inches deep ; 
a, circular trough of sheet iron, supported on the axis of the 
table an inch or two above its surface, and so divided that one 
quarter of it serves for the reception and equal distribution of 
the slimes, whilst the remaining three-quarters supply clean water ; 
h, launder for conveying the slime ore, behind which there is 
another, not shown, for giving water to the huddle ; o, bent trough, 
affording additional water to the stuff cut by the brushes. One 
end of this water trough is fixed about mid-distance between the 
outer edge and centre of the huddle ; the other end advances 
in a circular direction, nearly to the circumference of the table. 
The following abstract of a statement made by Mr. Zenner, gives 
the results obtained by his improved apparatus as compared with 
the ordinary round huddle. 

A lot of slime ore weighing 619*1 cwts. was divided into two 
equal portions. The rotating huddle finished its portion including 
re-washing the tailings in 86 hours, whilst the ordinary huddle 
required 609 hours to perform the same work. The time con- 
sumed was therefore in the proportion of 1 hour to 7. The ore 
operated upon contained about 8 per cent, of lead, and the results 
of the dressing operation were as follows : — 



Rotating BuDDfiE. 


Ordinary Round Buddle. 


A 


Washed 
Ore 


Conts. of Lead 




Washed 
Ore 


Conts. of Lead. 


Cwts. Cwts. 
30-75 18-96 


per cent. 
62-4 
55-6 


A 


Cwts. 
32 1 
381 


Cwts. 

18-12 

1-76 


percent. 
52-6 
45-3 


B 


2-76 


1-52 


B 


2nd, 3rd, & ) 
4tli Slimes \ 
Waste Pits... 

Loss washed 
away 

Total 


2nd, 3rd. & 
4th Slimes ) 
Waste Pits 

Loss washed ) 
away ) 

Total 


33-51 
73-96 
169-83 


20-48 
1-87 
3-41 


• • • 

1-8— 
1-8— 


3802 

128-16 

82-28 


19-88 
2-69 
2-25 


2-3 
20 


277-29 
32-26 


24-99 

• • • 

• • • 


• ■ • 

• • • 

• • • 


248-45 
61-10 


24-67 

• • ft 

• • • 


a • • 
• * • 

■ ■ • 


309-55 


30955 



The rotating buddle, therefore, cleaned its portion of slime ore to 
62*4 per ceiit.*and left only 1*8 per cent, in the waste ; the ordinary 
buddle cleaned its ore to 52*6 per cent, and left 2 per cent, in 
the waste ; the rotating buddle consumed T«Lt\i€t \<ei'^^ >^^sx^ '^^ ^ 
the time to effect this. ^^ 
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DKEBSIKO OF COFP£K OBES AT DETON GREAT CONSOLS. 

Through the kindnees of Captain Isaac Bicharda we have been 
&voured with sketches and particuJars of some of the machinery em- 
plored in concentrating the inferior ores raised at the ahove mines. 
Although the yield of ore is exceedingly lat^e, it may not be 
generally known that much of it is derived from stuff affording no 
more than &om | to Ij per cent, of metal. To readily separate 
the vorthlesB matter, at a remunerative cost, is a problem which 
has been ably treated hy Capt. Eicharda, and it must be admitted 
that the present prosperity of the undertaking has been con- 
siderably mfluenced by the excellent system of machinery in- 
troduced by him into the dresaing department. 

The vein stuff, on arriving at the surface, is cobbed and divided 
into two classes ; the first going to market without experiencing 
any further manipulative process ; whilst the second, or inferior 
class, is varionaly treated as may be foiind expedient. The whole 
of the latter description is, however, crushed to such a degree of 
fineness as to pass through a sieve perforated with J-iuch holes. 




Sizmo SiEYEB.— These consist of an arrangement of inclined 
sieves, four in number, each 6 feet long 21 inches in diameter 
at the larger end, and IS inches diameter at the smaller. The 
.mesb'Work of a and B is Ath, c i^ith, and d ^th of an inch in 
diameter. The stuff from the ciusniug thW ^ mittoduced into x 
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along with B streftm of water ; that portion of it wbich faU> into tbe 
bins, r F, is conveyed to tlie dreaeing- wheel, whilst the remainder of 
the stuff which runs through the coarser meaheB is passed into a 
hopper commimicating witn jigging machinery placed beneath. 

The neves make 20 revolutions per minute, and altogether afford 
an area of about 6,000 square ii 




Slihb Sep&batob. — This apparatus ia the invention of Capt«in 
Iiaao Bichards, and is almost similar iu Its construction to the 
ordinary overshot water-wheel. The slimes or fine particles of ore, 
Ac, which have passed through the circular sieves, a and n, are 
conveyed from the cisterns, f f, by means of a launder upon a 
wheel, thereby giving it a slow rotatory motion. Whilst this 
is turning, time is afforded for the minerals to settle according 
to their several densities ', the result obtained is, that the heavier 
particles are found at the bottom of the bnckets, whilst the lightw 
matter held in suspension flows away through a launder placed 
for that purpose. The stuff in the bottom of the bnckets is 
washed out by means of jets of water obtained frxim a pressnre 
column 10 feet in height, when the whole passee into a round 
bnddle. The wheel a, is 4 feet diameter, 3 feet 6 inches in 
breast, has 21 buckets, and makes 5 revolutions per minute; 
B, launder for supplying the slimes ; o, preasnre column ; d, jet 
piece ; b, launder for conveying off the slime overflow of the wheel ■, 
r, launder for conveying separated staff to ^QiM&&\ro.^!«>. 
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This apparatus perfonns ite vork admirably, and washes 26 tone 
of stuff per d&7 of 9 hours. 




SiziNO ClBTEBH'. — This comprises an ord nary wooden box, or 
cistern, provided with an opening in the bottom a wh ch is con- 
nected with a pressure p pe B and an outlet pipe o hav ng a 
small regulating sluice, D The b ddled stuff enters by the shoot, 
E, and the pressure of water in the column is regulated so as to 
allow the heavier particles of ore to descend, hut at the same time 
to wash away, at r, the waste matter which may be associated with 
it. TUia is effected by having the outlet pine, o, of lesa area 
than that of the inlet, and fixing on the end of the former & 
regulating hatch, s, bj which means a greater or less proportion of 
stuff may be passed over the notch, j, according as may be necessary. 
Two cisterns are employed, the second being to collect the rough 
particles which may escape, through carelessness, from the first. 
The dimensions of these sizing boxes are as follows: — Nn. 1, 
depth 18 inches, width 13 inches, length 4 feet ; No. 2, depth 9 
inches, width 18 inches, length 2 feet 6 inches : their effective 
capacity, is consequently, equal to 9^ cubic feet. 

JiGBiHG SiEVBB. — The hutch and rectangular frame of this 
apparatus is constructed in the ordinary way, but the jerk or 
motion is, in this case, caused by machinery. A horizoutal shaft, 
fitted with cams, is made to strike the jigging lever, extending 
behind the hutch, which is so ballasted as to produce continuouB 
motioa. By the depressioii of another lever in front, connected 
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with the sieve-shackles, they are lifted out of the water so as to 
allow a boy to remove the shimpings in the ordinary way. The 
stuff to be jigged falls from the circular separating sieves into bins, 
from whence a charge is drawn as may be required. 



GENEEAL EOUTINE OF DEESSING AT DEVOBT CONSOLS. 

Cetjshed Oees. — The concentration of the crushed ore is effected 
in the foUowing manner : — Prom the crushing mill the stuff passes 
into the separating sieves, where it is divided into fragments of Ath 
inch, tS^^ inch, and ^^^th inch diameter, besides the coarser particles 
escaping at the lower end. The slime stuff flows over the separating 
wheel, in the buckets of which the coarser portions settle, and 
from thence are washed out by a pressure of water into a round 
huddle deriving motion from the wheel itself. The work pro- 
duced in this buddle, is of three sorts ; that nearest the circum- 
ference is least charged with iron pyrites or other heavy mineral, 
but contains a small proportion of ore, this is again huddled, 
when a portion of its tail is thrown away, and, after submitting 
the remainder to a huddling operation, and separating the waste, 
it is jigged in a fine sieve, and rendered merchantable. The 
other portions of the first buddle are re-buddled, and, after 
dividing the waste, the orey mixture is introduced into the sizing 
cistern, where the finer particles are made to flow over into a 
buddle, from whence a considerable portion goes directly to 
market; that which requires further manipulation is again huddled, 
until thoroughly cleansed. The coarser portion of the stuff intro- 
duced into the sizing cistern passes downward, with the water into 
a tye^ and, after repeated projections against the stream, the orey 
matter is separated, leaving a residue of mundic in a nearly pure 
state. The stuff falling from the separating sieves is received into 
bins fixed beneath, and subsequently cleansed. Each of the three 
sizes is subjected to jigging, and, in proportion as the worthless 
matter may be obtained, it is thrown aside, whilst that which 
requires further treatment is washed down from behind the 
hutch and treated by tyes until all the valuable portions are 
extracted. In this way, vein stuff which originally, before 
entering the crusher, containing 1^ per cent, of copper, is so 
concentrated as to afford a metallic yield of 10 per cent., whilst, 
by means of the sizing sieves, dressing wheel, separating cistern, 
jigging machines, and a proper complement of round buddies 
and tyes, from 40 to 50 tons of stuff are elaborated per day of 9 
hours, at a cost of 12«. per ton of dressed ore, or at a tribute of 
4«. in 20«. 
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Slike Dzessixo. — Some connderable improTementa have also 
been introdticed by Captain Bichardi into this department. The 
proper licing of alime is as neceasaiy as in the case of rougher 
work, and in order to effect thia he has, at the Devon Consola 
Mines, airaDged a peculiar elime pit, irhicb ia now at work, and 
fullf answers the puitrose intended. The water and stuff from the 
slime separator is delivered hj a launder into a slime pit. At the 
head of this is fixed a slightly inclined plank, divided into ehanuela 
by slips of wood set in a radial direction from the delivery launder 
■o B8 to effect an equal distribation of the stuff. The anrface of 
this pit is perfectly level, and since the water passes throug;h it at 
a Tery slow rate all the raluable matter is deposited at the bottom. 
It may be remarked that this is not only a slime pit but also a 
aHme dresser. Thus, let it be supposed that a large quantity of 




flHme exists, which will just defray the cost of concentrating if 
collected in the ordmary pits , now if such slime were mtroduced 
into the new shine pit, the cost of dressing would not only be 
defrayed, but a handsome profit would be afforded, smoe the regu- 
lation of the conical plug, b, by means of the screw, a, will imme- 
diately reject a proportion of the slimes, and leave tolerably good 
work remaining. Secondly— If slime be valnable in the mass, it 
can be more economically treated by a direct subdivision into fine 
and coarse work, than if concentrated from the original mixed 
stuff; since a stream of water, acting upon a mixture of fine and 
rough particles, will, necessarily, carry off an undue proportion of 
the former, in freeing the latter from the waste with wnich it is 
flSBOoiated. The ordinary slime pit is of a rectangular shape, with 
vertical sides and flat bottom. The water enters at one of the 
ends by a narrow channel, and leaves at the other. A strong 
central current is thus produced through the pit, which not only 



DITOH COTBOLB. 187 

carriei with it a portion of Talusble slime, but <dso prodnceB eddi« 
and connter-cmrenta towards the sides of the pit, which thus 
retains nattera which onght to have been rtgeoted. 

The slime pit at Devon Consols is in connection with Bmnton's 
machines, which are kept regularly supplied by means of the 
launder 0, and by the regdating conical plug b. A waggon 
cistern is placed under the frame for receiving the work, which 
is removea when necessary, and emptied into a ^aehing Jeieva. 




PHbine Appantni 

This kieve is packed by machinery, represented in the accom- 
panying wood-cot, IB whob a, is a small water-wheel, working a 
vertical shaft, b, and dnnng another shaft, o At the bottom of 
this IB fixed a notched wheel, n, which presses outwardly tiie 
hammers, i i! ; these are mounted upon iron bars, f f', and vio- 
lently driven upon the side of the kieve by means of springs, & q'. 
A niecession ot such blows not only expels a largo proportion of 
tdie water present but also separates the particles of ar« «cA.<3t^£&9{, 
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to their several forms and densities. The waste arising from 
this opeiration is either entirely rejected or partially re-worked on 
Bronton's machine, whilst the orey matter contained in the kieve 
is taken on its waggon and discharged into the ore house. 

LEAD DBESSnra IK OABDIGAKSHIBE. 

The ore from the Cardiganshire mines is sometimes argentiferous, 
but usually much intermixed with foreign bodies, and, conse- 
quently, careful treatment is necessary to render it merchantable 
without incurring waste or needless dressing cost. In small under- 
takings the vein stuff is broken by hand, with an instrument called 
a bucker ; but in large concerns this method is superseded by the 
crushing mill. From this machine, the stuff is usuaUy taken to 
the jigging hutches, by means of which, and round buddies, the 
ore is cleaned and rendered fit for the smelting furnace. At 
the Goginan Mines most of the dressing processes are performed 
mechanically, and it may not, therefore, be uninteresting to describe 
the system by which the ores are concentrated. All the rough 
ores broken underground are brought to the surface by means of 
an inclined plane, and thrown at once into pases or kilns, where 
they are exposed to the action of water, and partially separated on 
gratings, 2 ft. 4 in. by 3 ft. 6 in., and picked on tables by boys 
and girls. The larger lumps are reduced to a finer state of division 
by hammers, whilst the stuff from the kilns, which is sufficiently 
fine to run through the grating, slides into a circular separating 
riddle, 2 feet in diameter, by 5 feet in length ; that portion which 
passes through it is cleansed on a jigging sieve, and the remainder 
picked for further manipulation. The rough stuff is now conveyed 
to the crushing mill, where it is so reduced as to pass through a 
rotating sieve, having 36 holes to the square inch, and from this 
point the real operations of dressing may be considered to com- 
mence. The rougher portion may be denominated a, and the finer 
h; the former is subjected to jigging machinery, when it yields 
hutch- work and sieve- work. The latter is washed in a stralce, and 
from thence the roughs, or coarser part, is finished on fine jigging 
sieves ; whilst the middles and tails, are sent to the round buddle. 
The sieve work is usually found nearly clean, and only requires 
finishing in an ordinary dash buddle, consisting of a platform of 
boards laid at an inclination of 2 J inches in 7 feet, with the usual 
catch-pit. The raggings are once or twice re-jigged, and re-divided 
according as may be necessary, whilst the skimpings are thrown 
away as useless. Of the portion b, treated by the round buddle, 
the heads are either re-buddled or worked in the dolly-tub. The 
top layer resulting horn this operation, and containing about 2} 
per cent of lead, is treated in tail buddies; the next layer, which is 
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venr poor, ia le-worked in round buddies ; a third layer is re- 
dollied, whilst the bottom is found sufficiently clean to go to the 
furnace. The middlet, or central zone of stuff from the round 
buddle, is again re-worked and divided, iintil it is rendered free 
from impurities, whilst the taila are thrown away as worthlesa. 

The water employed in these rarioua operations holds for some 
time in auBpeusiou, a large number of fine particles, which are 
deposited in slime pits. The coarser particles are ultimately taken 
together with the raggings from some of the jigging hutches, and 
fragmentsof slate, quartz, or other vein stuff, Containing spots of ore, 
to the stamping mill, where they are pounded by heads weighing 
4J cwts. each, making 54 blows per minute, ana falling 8 inches. 
From the stamps the stuff flows into pita, and is worked through a 
atrake, and after being tyed, trunked, submitted to the round 
bundle, and dollied as may be found expedient, the dressing of 
the whole of the vein stuff ia effected. About 25 parts of waste 
to 1 of ore ia removed by these varioua oporations at an average 
cost of 45«. per ton of crop ore, and £7. 7«. 5irf. per ton of slime ' 
and halvan ore, whilst the average value of tne whole for 1856 
waa £18. per ton. 

The following statistics relative to cost of dressing lead ores in 
Cardiganshire, in 1855, are compiled from Messra. Taylors' valuable 
and elaborate statistics on this subject: — 
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TIN I>BE8Bn(&. 

Many ingenious machines have been constructed, with a view 
of facilitating the process of dressing slimes, and rendering tin 
atuffof a low percentage remunerative. Among the recently 
iuvented apparatus found practically succeaaful, may be noticed 
that of Captain John Webb, at the Hewas Mines, and the patent 
cleanaing frame of Captain Bicliard Hancock, lately in use at 
Polgooth. 
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EoT pulyerizing, whether employed in reducing the variable tin 
stuffs of Cornwall, or the hara auriferous quartz of Australia and 
California, no contrivance has been found more simple or effective 
than the ordinary stamping mill. A striking proof of the economic 
value of this machine is afforded by statistics relating to the 
Polberro Mines :— 

The average number of heads employed during 6 years was 70, 
which reduced no less than 106,249 tons of stuff for washing pur- 
poses. This quantity averaged 20-^th lbs., or 0*89 per cent., of 
merchantable black tin per ton. On this produce the profit per 
head amounted to £210. for the total period, or £42. per head 
per annum. The proportion of profit to the cost was as 1 to 5 * 3 ; 
nence, had the mine operated with 67 instead of 70 heads, the 
difference being 13, it would only have met its cost at the average 
sale price for the ore of £63. 28, 4^. per ton. 

MOISTrEB Hf OSES. 

The amount of moisture existing in ores, on effecting a sale 
within the ordinary period after completing the dressing operations, 
varies with the constituents, and size of the particles of which it is 
composed. 

The following results are derived from a series of averages, and 
will perhaps be valuable as affording a general idea upon this 
subject : — 

Cwm Erfin, per 21 cwt. =s 76 fcs. of water = 3 • 2 per cent. 
East Darren „ =64 „ =27 

Goginan ... „ =102 „ =4-3 „ 

Lisbume ... „ =64 „ =2*7 „ 

Cwmystwyth „ =54 „ «= 2 • 2 „ 

Average per 21 cwt. = 72 ibs. of water = 3-0 per cent. 
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ASSAYING. 



ASSAY OF IROS OHES. 

Vo% the ftMST of iron ore* a common wind fanaee is required- 
Thu, in orier that it mar lure a good draiiflit, should have a 
dnmoeT at least 30 feet in height. JPnniaces lor this purpose are 
(rften ifuilt of such a nze that fbor aesaTs msv be made at the 
aame time ; br whith amngement 
not onlr a better heat is obtained, 
bnt the loss of fuel attendant on the 
alternate heating and cooling of a 
large mass of maHonry is to a great 
extent avoided. A convenient size 
for aach a furnace is 11 inches square, 
in the hearth, a, and 2 feet in depth 
to the surface of the fire-bars. The 
chimnej, b, mar be of almost any con- 
venient size, provided it is sufBciently 
lai^ ; but Then its area is less than 
one-third that of the fire-plaoe, the 
draught cannot geueraUv be depend- 
ed on. The quantity of air passing 
tbrougb the apparatus is regulated 
by a damper, c, fixed in the chimney, 
and placed at a convenient height 
from the ground. Coke is commonly 
the fuel eroploved in such furnaces, 
and a proper distance for the bars to be placed from each other 
if in that case fths of an inch ; if, hoveTer, a mixture of coke 
and charcoal be used, the grate should be made a little closer. 

The above furnace must be accompanied by an asBortment of 
tongs to be employed for various purposes. For the removal of 
the assays at toe close of the operation, very strong tonga are 
required. These being long in the handles, and provideif vritb 
■tout bent jawB, may be used as soon as the cruciblea are sufficiently 
hardened to bear removal ; but as at this stage of the operation 
the furnace is exceedingly hot, it is sometimes difficult to look into 
the fire, in order to see where to apply the jaws of the tonga. 
TbiM inconvenience a lessened by using a wooden shield, near the 
centre of which it inserted a piece of common window glass; 
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when the shield is employed, it should be held before the person 
using the tongs by an assistant. By this contrivance the heat is 
effectually prevented from reaching the face, whilst the small 
glazed aperture allows of the interior of the furnace being distinctly 
seen. If the opening be closed by a sheet of mica or a fragment 
of coloured glass, the glowing crucible may be looked at without 
danger to the sight. 

Freliminary Operations. — The assay of an iron ore should yield 
on a small scale similar results to those obtained on the large, and, 
consequently, has the advantage over the humid process, of affording 
results of a more practical character. Before operating in the dry 
way, it is, however, necessary to obtain some definite idea of the 
composition of the ore to be treated, so as to determine what fluxes 
should be added for the purpose of yielding, not only a fusible 
slag, but also the largest possible proportion of metallic iron. 

The ores of iron may be divided into three classes : — 

1*^. — Those which contain that metal in the state of anhydrous 
oaide, such as oligistic and magnetic iron ores. 

2nd, — Those which chiefly consist ofhydrated sesquioxide, 

Srd, — Spathose and clay ironstones, in which carbonate of the 
protoxide is the chief ingredient. 

When the ore to be examined belongs to the first class, the 
amount of siliceous gangue is not readily determined by ebullition 
with hydrochloric acid, since the anhydrous peroxide and magnetic 
iron ores are but sparingly soluble in that reagent. In this case, 
the earthy carbonates will be dissolved, and may be estimated by 
the loss sustained on boiling a known quantity of the ore in weak 
nitric acid, and deductSng the water expelled by ignition in a 
platinum crucible. 

The preliminary examination of minerals of the second class may 
be conducted as follows : — Attack, in the cold, 50 grains of the 
ore, finely pulverized, either by acetic or very dilute nitric acid. 
This will dissolve only the carbonates of lime and magnesia, 
without interfering with either the oxide of iron or siliceous 
matters. Should it not contain any earthy carbonate, no effer- 
vescence will ensue on the addition of an acid ; and in that case 
we may pass on to the next stage of the operation ; but if 
effervescence takes place, weak acid is to be gradually added until 
it entirely ceases. When this point has been reached, the residue 
is thrown on a filter, washed with a little water, dried, and calcined. 
On weighing this product and deducting its weight from the original 
60 grains operated on, we determine the collective amount of water, 
and the carbonates of lime, and magnesia present in the ore. Of 
the finely pulverized ore 50 other grains are now placed in a i^latuoKass. 
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crucible and strongly heated, either over a gas flame, or protected 
bj an earthen cnioble, in a wind fumaee. The platinnm crucible 
and its contents are now placed in the balance, and the loss of 
weight experienced will represent the amount of water and carbonic 
add expelled. This loss deducted from the total diminution of 
weight experienced by the 50 grains of ore in the former operation 
by means of acetic acid, will represent the united weights of lime 
and magnesia with which the carbonic acid was combined. 

Minerals of the third class, in which the acid is combined with 
the protoxide, are changed by calcination into magnetic oxide, 
and, consequently, from the absorption of oxygen, the loss of 
weight experienced during the operation wiU no longer represent 
the amount of water and carbonic acid driven off. If the mineral 
be treated by weak acids, the earthy carbonates are readOy re- 
moved; but as at the same time a portion of the iron becomes 
dissolved, the proportion of lime and magnesia which it contains 
cannot in this case be determined by difference. It is, consequently, 
necessary to attack with boiling hydrochloric acid to which a little 
nitric acid has been added. The solution thus obtained is sub- 
sequently evaporated to dryness, in order to render the silica 
insoluble ; and in treating the residue with hydrochloric acid, the 
soluble salts are taken up, whilst the siliceous and argillaceous 
matters remain undissolved, and may be separated from the liquor 
by filtration. These, after being properly washed, are calcined, 
ignited, and weighed. From the filtrate from this residue the iron 
and alumina may be precipitated by an excess of ammonia. 

The lime is obtained from the filtrate from oxide of iron by the 
addition of oxalate of ammonia : the precipitate thus procured is 
dried, calcined, and weighed as carbonate of lime. The amount of 
carbonate of magnesia is then deduced from the weight of the 
pyro-phosphate of that base, obtained by the addition of a solution 
of phosphate of soda to the filtrate from the precipitate of oxalate 
of lime above described. Every 100 parts of the precipitate thus 
prepared, after being properly calcined, corresponds to about 76 of 
carbonate of magnesia. 

It is found that those ores in which the earthy carbonates exist 
in the proportion of two-thirds the amount of the argillaceous 
and siliceous matters which they contain, yield the most fusible 
slags. The foregoing remarks will therefore serve as a guide in 
the selection and quantities of the fluxes to be employed. 

Th£ obes op the first glass seldom contain much carbonate 

of lime or magnesia, and as the amount of earthy and siliceous 

matters in them is not verjr readily ascertained, it is usual to mix 

Buch ores with one-third their weight of some fusible silicate^ such 

as green bottle glass. 
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Ores of the second and third classes require to be mixed 
with such quantities of carbonate of lime or clay as will make up 
the proportions necessary to render the slags fusible. "When no 
carbonate of lime occurs in minerals of the first class, the addition 
of a little chalk is adyantageous, as it tends to preyent a portion 
of oxide of iron from being retained bj the too highly silicified 
slag, and the consequent loss of a certain amount of metal. 

Method of conducting an Assay, — ^The assaj of iron ores is best 
made in crucibles lined with powdered charcoal, which not only 
preyents the sides of the yessel from being acted on by the substance 
treated, but likewise seryes as the agent by which the oxides are 
reduced to the metallic state. On account of the high tempera- 
tures to which they are subjected, it is necessary that the crucibles 
employed should be of good quality. Those known as " London 
pots " are well fitted for this purpose ; but the common Cornish 
and Hessian crucibles will also bear the necessary heat. In order 
to line a crucible, it is partly filled with coarsely powdered and 
slightly damped charcoal, which is rammed into a solid form by 
the use of a light wooden pestle. When the first layer has become 
sufficiently consolidated, its surface is scratched with a knife, for 
the purpose of making the second stratum adhere firmly to it, and 
a little more charcoal is added and beaten down as before. The 
surface of this layer is again rendered uneyen by scratching, and 
the operation repeated until the crucible is filled. When this has 
been efiected, a cavity is made in the centre, taking care to leaye 
a lining of charcoal three-quarters of an inch in thickness on the 
sides and bottom of the pot. Two hundred grains of the powdered 
ore are now to be intimately mixed on a sheet of smooth paper, 
with the proper weight of fiux, as indicated by the results obtained 
from the preliminary inyestigation, and then carefully transferred 
to the cavity in the lined crucible. Any portions of the powder 
which may remain attached to the sides are now carefully swept to 
the bottom by means of a stifi^ feather, and the space above filled 
up with powdered charcoal and rammed down as before directed. 
The cover is now fitted and firmly luted with fire-clay, with 
which the bottom of the crucible is also cemented to pieces of fire- 
brick, so as to stand, when in the furnace, about four or five inches 
above the bars of the grate. When all the crucibles have thus 
been placed in the furnace, the damper is nearly closed, and a 
shovelful of lighted charcoal thrown between them, by which the 
coke, which is subsequently added, becomes ignited. During the 
first half-hour the damper remains all but closed, and the firing is 
conducted carefully to drive off the dampness contained in the 
linings, and to avoid the splitting of the luting, which might be 
caused by a too rapid application of heat. M. \Jti^ «i.^Yc^NaV5pev <;i^ 
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half-an-hoiir the damper ia a little more opened, and the furnace 
filled up with fresh faeL Afterwards this heat is gradually increased 
by still further opening the damper, and at the expiration of an 
hour it is entirely witlidrawn lor the purpose of elevating the 
temperature to the highest possible degree. This operation, when 
properly conducted, should altogether require about an hour and a 
quarter for its completion, and at the end of that time the damper 
is closed and the furnace allowed to cool. When the tempera- 
ture has become sufficiently reduced, the crucibles arc cautiously 
removed by the aid of proper tongs, and placed in an upright 
position until sufficiently cool to admit of being readily handled. 
They are now to be placed over a sheet of paper, with a view of 
avoiding any loss, and the lid, which will be found to adhere 
firmly to the pot, is removed by a blow from a hammer. On 
breaking the crucible, the button, with its adhering slag, is care- 
fully withdrawn and crushed by repeated blows of a pestle in an 
iron mortar. The principal button may now be readily removed ; 
but as it is seldom the case that the slag does not stiU retain small 
metallic globules adhering to its surface, it is necessary to reduce 
it to coarse powder, in order that these may be separated. This is 
most readily effected by turning out the contents of the mortar on 
a sheet of paper and passing a magnet through the pulverized slag. 
In this way the metallic particles are soon collected at the poles of 
the magnet, and, on being brushed off with a stiff feather, are placed 
in the balance with the larger button before separated. 

In order to test the quality of the iron thus obtained, the button 
is placed between a fold of tin plate and smartly struck on an anvil 
with a heavy hammer. If the fracture presents a mottled greyish 
appearance, and the buttons flatten slightly before breaking, the 
quality of the iron is considered to be good ; but should it, on the 
contrary, split on the first blow, and exhibit a white crystalline 
fracture, the ore is either of bad quality, or the admixture of fluxes 
has been injudiciously made. 

Instead of operating as above described, a Seftstroin's blast- 
furnace may often be conveniently employed. Assays of iron ores 
are also sometimes made in unlined pots ; but the results so 
obtained are commonly far less satisfactory than those afforded by 
crucibles prepared according to the foregoing directions. 

ASSAY OF COPPEE OEES. 

The ores of copper are extremely numerous, but may, for the 
purposes of assay, oe comprehended under three classes. 

The first class comprehends ores which contain, with the 
exception of iron, no other metal than copper, and are &ee from 
sulphur and arsenic. 



COPPEB OBXS. 147 

The second comprises those ores which do not contain, besides 
copper, any other metal except iron, but in which there is a certain 
amount of sulphur. 

The third class is composed of such ores as, besides sulphur and 
arsenic, may also contain various other metals. 

The apparatus best adapted for the assay of copper ores is a 
wind furnace nearly resembling in form that employed for iron 
assays, but of smaller dimensions. 

For the purpose of assaying copper, a furnace having a depth of 
16 inches will be found amply sufficient. The section of the 
apparatus should be oblong — say 8 x 10 inches, and the fuel 
employed good hard coke, broken into pieces about the size of eggs. 

Obes of the Fiest Class. — When these ores are moderately 
rich, the assay is not difficult, and usually affords satisfactory 
results. The sample is first pounded in a mortar, and, after 
being well mixed to ensure perfect uniformity of composition, is 
intimately blended with three times its weight of black flux.* 
The mixture is now placed in a crucible, which should not be more 
than one-third filled, in order to avoid loss from the expansion of 
the pasty mass when strongly heated, and on the top is spread a 
thin layer of pure black flux. The crucible is now placed in the 
furnace, which must be previously lighted for a short time, in 
order that it may be well heated, and is allowed to remain uncovered 
untQ its contents have become reduced to a state of tranquil fusion. 
This takes place in about a quarter of an hour, and the crucible is 
then closed by a cover, and the damper opened, so as to expose it 
during another quarter of an hour to the greatest heat of the 
furnace. The crucible is now withdrawn from the fire, and the 
button obtained, either by rapid pouring into a mould or by 
allowing the assay to cool and then breaking the pot. 

The metallic button (prill), thus obtained, may, if necessary, be 
refined by a process which will be described when treating of the 
Cornish. method of conducting an assay. 

The poorer ores of this class may be conveniently assayed by the 
humid process hereafter given. 

Obes of the Second Class. — The most common minerals 
belonging to this class are the sulphides. 

Fusion for Begulus, — This operation consists in fusing the ore 
with substances capable of eliminating a portion of its sulphur 
and affecting the separation of its earthy and siliceous impurities. 
These conditions are well fulfilled by a mixture of nitre and borax ; 
since, with a proper addition of these reagents, all the ores 
belonging to the second class are fused, with the production of a 

* Black flux is prepared by heating together in. & lax^ ctvita^^ ^\2l^ \«s^.^ 
nitre and two of crude tartar. 
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Yitreous slag, and the formation of a well-defined button of regulus. 
When the contents of the crucible are in a state of complete 
fusion, they must be rapidly poured into a cast iron mould of a 
conical form. 

The separation of the button of regulus from the scoria is best 
effected by the use of a hammer furnished with a chisel edge. A 
sheet of paper should be placed under the button during the time 
the slag is being detached, so as to preserve any minute fragments. 

Boasting. — To obtain copper from the sulphides of that metal, 
it is necessary that the sulphur should be expelled by roasting 
before reducing the copper to the metallic state. 

In the case of rich ores producing from 20 to 35 per cent, of 
metallic copper, the roasting and subsequent reduction of the metal 
may be made directly on the mineral itself. In the case, however, 
of poor ores, such as those of Cornwall, which only contain from 6 
to 10 per cent. 6f metal, it is necessary to begin by obtaining a 
button of regulus as above described. 

The roasting of the rich ore, or regulus, is conducted in the 
crucible in which its frision with the reducing flux is to take place, 
and at the commencement care is to be taken not to agglutinate 
the mixture by too strong an application of heat. To conduct this 
operation, the ore or regulus must be first finely powdered in an 
iron mortar, and then put into an earthen crucible, which is 
arranged in a sloping position on the ignited fuel of a furnace, of 
which the draught should be partially cut off" by the damper. 
A very moderate heat is by this means obtained, whilst the 
mixture is being continually stirred with' a steel rod, so that every 
particle may in its turn have been exposed to oxidising influences. 
When a certain portion of the sulphur has been driven off, the 
assay becomes less frisible, and the crucible may, without incon- 
venience, be heated to dull redness. At this stage of the operation 
it is found advantageous to heat from time to time the partially 
roasted mass to redness ; since by this treatment the sulphides ana 
sulphates become reduced to the state of oxides, by the elimination 
of the sulphurous acid formed through their double decomposition. 

When the odour of sulphur can be no longer observed, and the 
roasting process is consequently far advanced, the heat should for 
gome minutes be raised to whiteness, for the purpose of decom- 
posing the sulphates. When this has been done, the crucible is 
withdrawn ana allowed to cool. 

Beduction, — In order to obtain the metal from the roasted ore 

or regulus, it may be mixed with one-fourth of its weight of lime, 

from 10 to 20 per cent, (according to the richness of the ore), of 

MneJf pu}verized charcoal, and from 1 to 1^ times its weight of 

Boda^aab or pearlash. This m\xt.\xte, ^^ielx\»^i«a»!^\^ VAsAwLed^ is 
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placed in tbe crucible in which the ore or regulus was roasted, 
and covered by a thin stratum of fused borax. Instead of the 
powdered charcoal above recommended, from 20 to 30 per cent 
of crude tartar may be employed. 

The crucible is now introduced into the fire and exposed to a 
strong heat during a quarter of an hour, at the expiration of which 
time the bubbling of the assay will have entirely ceased, and it 
must now be covered and exposed for a short time to a strong red 
heat, bordering on whiteness. The button may be obtained either 
by pouring into a mould, or by cooling and breaking the pot. If 
required, the button may be refined according to the Cornish 
method. 

Obes op the Thibd Class. — ^Minerals belonging to this class 
must be treated in a similar way to those of the second, except 
that the preliminary roasting will, from the great fusibility of these 
ores, require to be conducted with more caution, and the button 
obtained from the calcined ore or regulus, instead of being, as in 
the former case, nearly pure copper, will consist of an alloy of 
copper with other metsds. 

When the ore contains lead, the roasting must be conducted 
with the greatest care, as it then becomes extremely difficult so to 
moderate the heat as to expel the arsenic and sulphur, and at the 
same time avoid the agglomeration of the powder. 

In all cases the assay of minerals of this class should be com- 
menced by a fusion for regulus, as, by operating in this way, the 
sulphides are not only reduced to a lower state of sulphuration, 
but a considerable portion of the associated arsenic is eliminated. 

The purification of the button of alloy obtained is now to be 
effected, either by the common Cornish method, or by the humid 
process, which will be shortly described. 



COBNISH METHOD OP ASSATIKG COPPEB OBES. 

The ore to be treated is first pounded and sifbed, and a portion 
of it subsequently washed on a shovel, and carefully examined as to 
its quality and the amount of sulphur, arsenic, and other sub- 
stances with which it may be contaminated. By a little practice in 
this operation, it becomes easy to judge of the amount of nitre 
necessary so to attack the combined sulphur, &c., as to yield a 
regulus of the requisite degree of fineness. 

Two hundred grains of the mineral to be operated on are now 
weighed out, and intimately blended with a flux consisting of a 
mixture of nitre, borax, lime, and fluor-spar, and the fusion for 
regulus is commenced. The amount of nitre eaji^lorj^^ ^^n^ 
course, vary with the quantity of b\i\]^\i\ic tta^ w^«Kva\'t«^ftfcT^\^'*^ 
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the other fluxes can be used in the following proportions : — Borax, 
5 dwts. ; lime, IJ ladleful ; fluor-spar, 1 ladleful.* When placed 
in the pot, the whole may be covered by a thin stratum of salt. 
The crucible is now strongly heated in a wind furnace for about 
15 minutes, when, its contents being in a state of complete 
fusion, it may be withdrawn, and the melted matter poured into a 
cast iron mould. The button of matt thus obtained is subsequently 
examined, in order to determine whether a proper proportion of 
nitre has been employed. When a proper amount has been used, 
the button obtained should, on being broken, present a somewhat 
steely fracture, and yield from 8 to 12 for 20 of copper. A sample, 
however rank, is never mixed with more than 9 or 9 j dwts. of 
nitre, and if the amount of sulphur is small, 3 dwts. are ofben 
sufficient. Some of the grey sulphides, the black oxides and 
carbonates, have sulphur added to them, as not having enough of 
that substance in them for the purposes of assay. 

"Very highly sulphurised or rank samples, requiring more than 
9^ dwts. of nitre, are sometimes treated by a somewhat different 
method. In this case the ores are first carefully roasted, and 
subsequently fused for copper with about 5 dwts. nitre, 9 dwts. 
tartar, and 3 dwts. of borax. 

The roasting of the regulus obtained by the first operation is 
performed in a smaller crucible than that used in fusion for matt. 
This button of regulus, after being carefully pounded in an iron 
mortar, is exposed to the action of a slow fire, for the purpose of 
eliminating the sulphur. During the first 15 minutes a very 
low temperature is sufficient; the heat is then gradually raised for 
about 20 minutes more : during the former period it should be 
constantly stirred with a steel rod. After the first period of 15 
minutes, an occasional stirring will be sufficient. At the close of 
the operation the assay must be subjected to a high degree of heat 
for a few minutes, and then withdrawn and allowed to cool. The 
subsequent treatment for copper is made in the crucible in which 
the roasting has been effected. 

The relative quantities of the fluxes to be employed for this 
operation are regulated by the weight of the button of regulus 
previously obtained. A flux consisting of 2 dwts. nitre, 7 J dwts. 
tartar, and 1^ dwt. borax, is sufficient for the reduction of a 
calcined regulus that weighed previous to roasting from 48 to 60 
grains. For a button weighing from 90 to 100 grains, 3 J dwts. of 
nitre, 9 dwts. of tartar, and 2 dwts. of borax should be employed : 
these quantities are, however, seldom weighed ; since, with a little 
practice, it becomes easy to guess with sufficient accuracy the 
relative amounts necessary. 

♦ The ladle employed for tMs pxirpoae ia ^ineeK^uartors of an inch wide, and 
Jmlf-en-inoh in depth. 
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The button of copper obtained by the process of reduction is 
seldom sufficiently fine, and is therefore suojected to an operation 
called refining. 

The same crucible being heated to a full red heat, the button is 
thrown in the bottom of it, and at the same time some refining flux 
and salt are placed in the scoop for immediate use.* In a few 
minutes after the introduction of the flux a bright surface is pre- 
sented. The crucible is then lifted a little from the fire with a pair 
of tongs, and a gentle agitation given to it. An appearance now 
presents itself similar to that observed in silver previous to its 
separation from the last traces of lead which it contains. Before 
this ceases, the contents of the scoop are introduced and the crucible 
returned to the fire for about 4 minutes. The crucible is now 
withdrawn, and its contents rapidly poured into a mould ; when 
the button will be found quite fine and presenting a slight de- 
pression on its upper surface. 

The slags from the reducing and refining operations are after- 
wards treated by fluxing them with a couple of spoonfuls of tartar 
and a little powacred charcoal. On withdrawal from the fire, the 
copper retained by the slags will assume the form of a small button 
or prill. The weight of this is to be added to that of the principal 
button. 

HUMID METHOD OF ASSATINO OOPPEB OBES. 

This method of estimating the produce of copper ores consists 
in attacking the sample to be operated on by a mixture of nitric 
and hydrochloric acids, the suDscqucnt elimination of the nitric 
acid, and the precipitation of the copper by metallic iron. The 
whole of the ores belonging to the tnree classes before described 
may be treated by this process. 

The sample to be attacked must first be pulverissed, and passed 
through a nne sieve. Of this powder weigh 100 grains and intro- 
duce it into a long narrow-necked fiask, which, if obtainable, should 
be made of hard glass. Wash down with sufficient water to 
thoroughly moisten the whole mass, and to remove any portions 
of the substance that may have remained attached to the sides of 
the vessel. Nitric acid is now to be cautiously added, and the 
flask gently heated in a sand-bath ; since, if too large a quantity 
of acid be added at a time, or too strong a heat applied, a violent 
ebullition might ensue, and a loss on the assay be the result. 

When at this stage of the operation the evolution of nitrous 
vapours entirely ceases, or has become much reduced, add gradually 

* The refining flux iH compoi6d of two parti of nitre and one of white tartar, 
used together and subtequeotly pounded. 
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hydrochloric acid, place the flask in an inclined position on the 
sand-bath, and gentlv boil the mixture. This is to be continued 
until the residue, if any remain, appears by its colour to be free 
Irom all metallic stains. 

The contents of the flask are now to be transferred to a porce- 
lain dish, and evaporated to dryness, taking care to stir continually 
towards the close of the operation, in order to prevent the mass 
from spirting. When sufficiently cool, moisten with a little 
hydrochloric acid, heat gently, and subsequently add water ; boil, 
and Alter into a beaker. 

A piece of bright wrought iron, about 2 inches in length, three- 
quarters of an inch in width, and a quarter of an inch in thickness, 
is now attached to a piece of string, in order that it may be readily 
removed from the solution and lowered to the bottom of the beaker. 
It is essential to the success of this operation, that the piece of iron 
employed should be entirely immersed in the liquid ; since, if this 
be not attended to, the precipitate becomes rapidly oxidised and 
the results consequently rendered inaccurate. The whole must 
now be kept constantly hot until all the copper is thrown down, 
which may be known by the liquid becoming colourless. This 
may also be confirmed by trying a drop of the solution on a piece 
of clean zinc, or by the blue colour which is produced by solutions 
containing copper when added to an excess of ammonia. 

Having ascertained that the whole of the copper has been pre- 
cipitated, carefully decant off the supernatant liquor, a small glass 
syphon being employed for this purpose, and repeatedly wash with 
hot water, until the metallic precipitate is entirely freed from any 
traces of chloride of iron. 

The washing water is finally decanted off, leaving the metallic 
copper in the bottom of the beaker, which is now placed in a 
water bath, or in a warm place near the furnace, until it has 
become completely dried. The heat employed for this purpose 
should be extremely gentle, in order to avoid oxidising the product, 
and thereby vitiatmg the result. The copper thus obtained is 
subsequently brushed out into a watch-glass and weighed; on 
deducting from this weight the tare of the glass the per-centage 
amount of copper will be obtained. 

In case the mineral operated on belongs to the third class and 
contains either lead, tin, or antimony, minute traces only of those 
metals will be found associated with the precipitated copper. When 
lead is present in large quantities, it is, however, best to add a few 
drops of sulphuric acid during the progress of the attack. By this 
means any lead that may exist in the solution will be precipitated. 
When a button of alloy has been obtained from ores of this 
claaa, by the method already described, the per-centage of tin 
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and lead may be readily determined by the following process : — 
Attack the button by strong nitric acid, evaporate to dryness, 
take up with hydrochloric acid, add water, and niter. Then wash, 
dry, and calcine the filter, and each 100 parts of stannic acid 
found represents 78*61 of metallic tin. To the filtrate from the 
stannic acid add a little dilute sulphuric acid, boil and filter. 
After calcination each 100 parts of sulphate of lead represents 
68-28 of metallic lead. 

From the filtrate obtained from sulphate of lead precipitate the 
copper by means of iron as before described. 

When antimony and tin are both present, their separation is 
only to be effected in the hands of a skilful operator and by a 
complicated process of analysis. If, however, antimony be alone 
present, its separation may be accomplished, although less com- 
pletely than in the case of alloys of tin and copper, by the process 
recommended for the separation of those metals. In this instance 
every 100 parts of residue obtained corresponds to about 76 of 
metallic antimony. 

ASSAY OF TIN OEES. 

Oxide of tin, although completely reduced to the metallic state 
by charcoal at a white heat, has such a strong affinity for silica, 
that the highest temperature of a wind furnace is often necessary 
for their separation. For this reason, when great accuracy is 
required, tin assays should be made in lined crucibles and at the 
temperature employed for those of iron ores. 

The nature and proportions of the fluxes employed will neces- 
sarily depend on the amount and composition of the gangue or 
matrix, with which the ore is associated ; but as this is in most 
instances highly siliceous, carbonate of soda and fused borax may 
always be employed with advantage. 

For ores of moderate purity from 30 to 40 per cent, of a mixture 
of equal parts of fused borax and carbonate of soda will be found 
to answer extremely well ; and equally good results are obtained 
by the addition of 40 per cent, of a flux composed of three parts 
of carbonate of soda and one part of finely-powdered lime. 

In Cornwall, where dressed tin ores are alone operated on, the 
following method is employed for making an assay : — 

Two ounces of black tin are intimately mixed with about one- 
third of that weight of finely-powdered culm or anthracite coal, 
and a ^[uarter of an ounce of fused borax. The charge thus pre- 
pared IS now introduced into an ordinary black-lead pot and placed 
in a small wind furnace, in which a strong heat has been already 
got up. At the expiration of a quarter of an hour, tke c^'c&'Q^c^'^i 
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of the crucible will be observed to be in a state of tranquil fusion, 
and maj then be poored rapidl j into an iron mould. When remoyed 
from the fire, the contents of the pot must be well stirred with an 
iron scraper before pouring. The scrapings of the crucible are 
subsequently pulverized in a mortar and carefuUy washed on a 
shovel, in order to obtain any minute metallic shot they may con- 
tain. These, added to the principal button, are finally weighed, in 
order to determine the per-centage yield of the ore. 

The quality of the metal thus obtained is judged of in relation 
to the fineness of its surface and its toughness. 



ESTIMATION OF ZINC OEES. 

B[aving pulverized and sifted the sample in the way before de- 
scribed, introduce 100 grains into an evaporating basin and attack 
with nitro-muriatic acid. Kenew the acid until the solution is 
complete, and evaporate to dryness. Take up with a small quan- 
tity of hydrochloric acid and dilute with water, then saturate by 
passing a current of sulphuretted hydrogen, and filter. Well wash 
with hot water, and boil the filtrate until completely free from any 
odour of hydro-sulphuric acid. Neutralize with ammonia, and add 
an excess of acetic acid. A current of sulphuretted hydrogen 
must now be again passed through the clear solution, until the 
whole of the zinc is precipitated as sulphide. 

This is to be thrown upon a filter, thoroughly washed with hot 
water, and subsequently re-dissolved by placing the whole in a 
beaker and digesting with dilute hydrochloric acid. The clear 
solution may now be decanted off from the filter-paper into a 
capacious flask having a long neck. This must be placed on a 
sand-bath and heated nearly to ebullition, then carbonate of soda 
added drop by drop in excess, and the liquid boiled for the space 
of a few minutes. 

Before filtering, try, by the addition of sulphide of ammonium 
to a small portion of the clear liquid, if the precipitation has been 
complete. If any flakiness should appear, immediately add a still 
further quantity of carbonate of soda, and continue to boil for a 
few minutes longer. 

The precipitate must at this stage be collected on a filter and 
well washed, until quite freed from carbonate of soda. To as- 
certain this fact, place a drop of the washings on a piece of 
broken porcelain, and if on evaporation no residue remains, this 
part of the operation is to be regarded as finished. Then dry and 
transfer to a porcelain crucible, carefully detaching by friction any 
particlea that may be adhering to the paper. 
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The crucible with its contents is now gradually heated until it 
becomes red hot, at which temperature it should be kept for 
several minutes, and then allowed to cool. When cold, weigh, 
and again expose to a red heat; repeat this until the weight 
becomes constant. 

Deduct the weight of the empty crucible from the first weight, 
and the remainder will be the amount of oxide of zinc contained 
in the sample. 100 parts by weight of this oxide are equivalent 
to 80 '26 of metallic zinc. 

This method of determination' is applicable to all the ores of 
zinc ; if, however, the sample contains a large proportion of iron, a 
modification of this process will sometimes become necessary. 

ASSAY OE LEAD OEES. 

The ores of lead may be divided into two classes. 

The first class comprehends all the ores of lead which contain 
neither sulphur nor arsenic, or in which they are present in small 
proportion only. ' 

The second class comprises galena, together with all lead ores 
containing sulphur, arsenic, or their acids. 

Prom the facility with which this metal is volatilised when 
strongly heated, it is necessary to conduct the assay of its ores 
at a moderate temperature. 

The furnace best adapted for making lead assays is constructed 
similarly to those used for testing iron ores, but is of smaller 
dimensions. For this purpose the cavity for the reception of fuel 
should be 9 inches square, and the height of the flue-way from 
the fire-bars about 14 inches. Por ordinary ores a furnace 8 
inches square and 12 inches deep will be found sufficient ; but as it 
is easy to regulate, by a damper, the heat of the larger apparatus, 
it is often found advantageous to be able to produce a high 
temperature. 

A furnace of this kind should be connected with a chimney of 
at least twenty feet in height, and be supplied with good coke, 
broken into pieces of the size of eggs. 

Obes op the Pirst Class. —The assay of ores of this class is 
a very simple operation, care being only required that a sufficient 
amount of carbonaceous matter be added to effect the reduction of 
the metal, whilst such fluxes are supplied as will afford a readily- 
fusible and liquid slag. 

When the sample has been properly reduced in size, 400 grains 
are weighed out and well mixed with 600 grains of carbonate of 
soda, and from 40 to 60 grains of finely-powdered charcoal, accord- 
ing to the richness of the mineral operated on. 
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This is introdaced into an earthai cmcible, of sneli a size as 
not to be more than one-balf filled bj the mixture, and on the top 
of the whole is placed a tiliin lajer of common salt. The crucible 
is then placed in the furnace and gentlj heated, care being taken 
to so moderate the temperature, that the mixture of ore and flux, 
which soon begins to soften and entor into ebullition, maj not 
swell up and flow orer. If the action in the emcible becomes too 
strong, it must be checked bj its remoral from the fire, or hj a 
due regulation of the heat bj means of the damper. When the 
action has subsided, the temperature is again raised during a few 
minutes, and the assay completed. IhmDg the process of re- 
duction, the heat should not exceed dull redness ; but in order to 
complete the operation, and render the slag sufficiently liquid, the 
temperature should be raised to bright redness. 

when the contents have been reduced to a state of tranquil 
fusion, it must be remored from the fire and the assaj either 
rapidlj poured, or after being tapped against some hard body, to 
collect the lead in a single globule, be set to cooL When the 
assaj has been successfullj conducted, the cooled slag wiU present 
a smooth concare surfkce, with a yitreous lusfare. When cold the 
crucible maj be broken, and the button extracted. To remove 
from it the particles of adhering slag, the button is hammered on 
an anvil, and afterwards rubbed with a hard brush. 

Instead of emplojing carbonate of soda and powdered charcoal 
the ore maj be fused with 1^ times its weight of black flux and 
the mixture covered hj a thin layer of borax. 

Good results are also obtained by mixing together 400 grains of 
ore with an equal weight of carbonate of soda and half that quantity 
of crude tartar. These ingredients, after being well incorporated, 
areplaced in a crucible, and slightly covered by a layer of borax. 

£Ach of the foregoing methods yields good results, and affords 
slags retaining but a small proportion of lead. 

Obbs or THE Secoitd Class. — This class comprehends galena, 
which is the most common and abundant ore of lead, and also com- 
prises sundry metallurgic products, as well as the sulphates, phos- 
phates, and arseniates of lead. 

Chlena. — The assay of this ore is variously conducted ; but one 
of the following methods is usually employed for commercial 
purposes. 

Pimon with an alkaline Jlux. — ThiB operation is conducted in 
an earthen crucible, which is to be kept uncovered until its con- 
tents are reduced to a state of perfect fusion. 

The powdered ore, aft;er being mixed with three times its weight 
of carbonate of soda and 10 per cent, of finely pulverized charcoal, 
if slowly heated in an ordinary assay furnace until the mixture has 
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become perfectly liquid, when the pot is removed from the fire, and, 
after having been gently tapped, to collect any globules of metal 
that may be held in suspension in the slag, is put aside to cool. 
When sufficiently cold, the crucible is broken, and a button of 
metallic lead vrill be found at the bottom : this must be cleansed 
and weighed. 

In place of carbonate of soda pearlash may be employed, or the 
fusion may be effected with black flux alone. When the last- 
named substance is used a somewhat longer time is necessary for 
the complete fusion of the assay. Each 100 parts of pure galena 
will by this method afford from 74 to 76 parts of lead. 

Some of the old assayers were in the habit of first driving off 
the sulphur by roasting, and afterwards reducing the resulting 
oxide with about its own weight of black flux. 

This method, from the great fusibility of the compounds of lead, 
requires very careful management, and at best the results obtained 
are unsatisfactory. Pure galena by this method can rarely be made 
to yield more than 70 per cent, of lead. 

Ftmon with Metallic Iron, — Mix the ore to be assayed with 
twice its weight of carbonate of soda, and, after having placed it in 
an earthen crucible, of which it should occupy about one-half the 
capacity, insert with their heads downward three or four ten-penny 
nails, and press the mixture firmly around them. On the top place 
a thin layer of borax, which should be again covered with a little 
common salt. The whole is now introduced into the furnace and 
gradually heated to redness ; at the expiration of ten minutes, the 
temperature is increased to bright redness, when the fluxes will be 
fused and present a perfectly smooth surface. When this has 
taken place, the pot is removed from the fire, and the nails are 
separately withdrawn by the use of a small pair of tongs, care being 
taken to well cleanse each in the fluid slag until free from adhering 
lead. When the nails have been thus removed, the pot is gently 
shaken, to collect the metal into one button, and laid aside to cool ; 
afber which it may be broken, and the button removed. 

Instead of first allowing the slags to cool and then breaking the 
crucible, the assay may, if preferred, after the withdrawal of the 
nails, be poured into a mould. 

Assay in an Iron Pot, — Instead of adding metallic iron to the 
mixture of ore and fiux, it is generally better that the pot itself 
should be made of that metal. 

Eor this purpose, a piece of half-inch plate-iron, is turned up 
in the form of a crucible and carefully welded at the edges. The 
bottom is closed by a thick iron rivet, which is securely welded to 
the sides, and the whole then finished on a proijerly ^^o^^sssi"^ 
mandril. To make an assay in a crucM© ol ^iJto^a V\sA.^>^ Sa^ '^'^ 
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heated to dull redness, and, when sufficiently hot, the powdered 

ore, intimately mixed with its own weight 
of carbonate of soda, half its weight of 
pearlash and a quarter of its weight of 
€rude tartar, is introduced by means of 
a copper scoop. On the top of the whole 
is placed a thin layer of borax, whilst the 
^coop. crucible, which, for the ready introduction 

of the mixture, has been removed from the fire, is at once replaced. 
The heat is now raised to redness, the contents gradually becoming 
liquid and giving oflf large quantities of gas. At the expiration of 
from eight to ten minutes the mixture will be in a state of com- 
plete fusion ; the pot is now partially removed from the fire, and 
its contents briskly stirred with a small iron rod. Any matter 
adhering to its sides is also scraped to the bottom of the pot, 
which after being again placed in a hot part of the furnace is heated 
during three or four minutes to bright redness. 

The crucible is then seized by a strong pair of bent tongs, on 
that part of the edge which is opposite the lip, and its contents 
rapidly poured into a cast iron mould. The sides of the pot are 
now carefully scraped down with a chisel-edge bar of iron, and the 
adhering particles of metallic lead added to the portion first 
obtained. "When sufficiently cooled the contents of the mould 
are easily removed, and the button of lead cleaned and weighed. 
By this process pure galena yields 84 per cent, of metallic lead, 
free from any injurious amount of iron, and perfectly ductile and 
malleable. 

This method of assaying is that adopted in almost all lead- 
smelting establishments, and has the advantage of affording good 
results with all the ores belonging to the second class. 

Assay in the Iron Dish, — In some of the mining districts of 
"Wales, the assay of lead ore is conducted in a manner somewhat 
different to that just described. Instead of fusing the ore in an 
iron crucible with carbonate of soda, pearlash, tartar and borax, 
the fusion is effected in a flat iron dish, without the admixture 
of any sort of flux. This dish is made of a thick piece of sheet 
iron, curved into the form of a basin, and provided with a lip by 
which the metal is poured off, and a shank for affording a better 
holdfast to the tongs by which it is taken from the fire. 

The ore operated on is first coarsely powdered and well mixed, 
so as to ensure a fair sample : eight ounces are then weighed out 
and placed in the dish, which is covered by a lid of sheet iron and 
heated in the fire of a smith's forge until the ore begins to decre- 
pitate. The heat is then raised to full redness, and at the expira- 
tion of about a quarter oi aa ^loxuc^ \i\>& d&ooim^Q&ition of the 
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sulphide will be complete. The dish is now removed from the fire, 
and the reduced lead poured into an iron mould, whilst the slag 
and sulphide of iron formed, are retained in the dish hj a piece of 
wood held before the spout for that purpose. The dish, together 
with the slags and sulphide of iron, is afterwards again placed in 
the fire and heated to bright redness, by which the last portions of 
lead adhering to the scoria are obtained. The contents of the 
vessel may be now thrown away, as containing no further amount 
of lead. 

This apparently rude method of assaying yields, in experienced 
hands, results closely approximating to those afforded by the 
reverberatory furnace. By this means from pure galena 80 per 
cent, of lead may be obtained ; but with the poorer varieties of ore, 
it is extremely doubtful if satisfactory results could be obtained. 
The ladles used for this purpose are rudely made of iron, which, if 
about one-fourth of an inch in thickness, will last duriug three or 
four separate trials. 

The sulphates of lead are readily reduced by simple fusion with 
carbonate of soda and crude tartar, in an earthen crucible ; but 
when phosphorus or arsenic is present in ores, their assay should 
be conducted in an iron pot, witn a proper admixture of carbonate 
of soda, pearlash, tartar, salt, and fused borax. 



ASSAY FOE SILVER. 

ESTIMATION OF THE SILVEB CONTAINED IN LEAD GEES. 

From the large quantities of silver contained in some varieties 
of galena, and other lead ores, it is necessary, in order to judge of 
their commercial value, to ascertain the precise amount of this 
metal afibrded by them. 

Cupellation, — This process is founded on the fact, that when an 
alloy of lead and silver is exposed in a state of fusion to the action 
of a current of air, the former metal neither gives off perceptible 
vapours nor becomes sensibly oxidised, whilst the lead rapidly 
absorbs oxygen, with the formation of a readily fusible oxide. 

In order, then, to extract the silver contained in metallic buttons 
obtained from the assay of lead ores, it is merely necessary to 
expose them on a porous medium to such a temperature as will 
oxidise the lead, whilst the silver is not so affected. The litharge 
thus produced is absorbed by the porous body on which the assay is 
supported, and nothing but a small button of pure silver ultimately 
remains on the test. These supports are q.^1^^ cu^gel^^ %sA '^isc^ 
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lade of boQe-aeh, slightly moiBtened with & 
little water, and consoliJated by preseure into 
' ao iron mould. The furnace employed for this 
puiyose reseinblea those used for the assay of 
ead and copper ores, but is provided with a 
_. -Of gmall D-shaped retort, in which the 
e heated to the required temperature. 
This mufQe is composed of fire- clay, 
closed at one end, and furnished 
with small openings in the sides 
j and end, in order to allow of a free 
_ |_ circulationof airthroughit. "When 
=^^ filed it is 80 arranged that whilst 
~'-"-i:,.. . - ^ one of its extremities is supported 

MttUie. hy a proper shelf, the other cor- 

responds with an opening in the 
fiimace, to the sides of which it is luted by a little fire-clay. The 
muffle thus placed can be equally heated in every part by a supply 
of ignited iuel, whilst the openings in its ends and sides admit 
of the establishment of a current of air from the open end through 
the interior of the muffle, to the furnace itself. To light this 
apparatus a little burning coke or charcoal is introduced into the 
furnace, which is subaequeutly Ailed with fuel. The damper ia 
now opened and as soon as the muffle has become red hot, six or 
eight cupels, which have been drying in the mouth of the opening, 
are introduced by means of proper tongs, and the button covered 
with a little bone-ash in order to prevent its being attacked, in 
case of any portion of lead being spilt during the progress of the 
subsequent operations. The open end of the muffle is now closed 
by means of a fire tile, or a door arranged for that purpose, so as 
to prevent the introduction of cold air, and the cupels are thus 
raised to the temperature of the muffle itself. When this takes 
place the door is removed, and into each of the cupels is in- 
troduced, by a pair of slender tongs, a button of the lead to be 
assayed. The aperture is now again closed during a few minutes, 
to facilitate the fusion of the alloy, and on its removal each of the 
cupels will bo found to contain aoright metallic globule, in which 
state the assay is said to be uncoverecT Under these circumstances, 
the lead is quickly converted into litharge, which is absorbed by 
the bone-ash of the cupel as rapidly as it is produced, whilst at 
the same time there arises a white vapour that fills the muffle, and 
is gradually carried off h^ the door and through the openings in 
the sides and end. A circular stain is at the same time formed 
around the globule of metal, which gradually extends and pene- 
tratea into the substance of tte cvi'gw. "ViVft-a. twail^ the whole 
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of the lead has thus been removed, the remaining bead of rich 
alloj appears to become agitated by a rapid circular motion, which 
seems to make it revolve with great rapidity. At this stage the 
motion will be observed suddenly to cease, and the button, after 
having for an instant emitted a bright flash of light, becomes 
perfectly immoveable. This is called the hrigJitening of the assay, 
and a button of silver now remains on the cupel. 

If the cupel were abruptly removed from the muffle, the me- 
tallic globule would be liable to sprout or vegetate, by which a 
portion of the metal might be thrown off, and a certain amount of 
loss be thereby entailed. To prevent this taking, place, and to 
guard against any loss of metal, the cupel in which the assay has 
brightened should be immediately covered by anotlier, kept red-hot 
for that purpose. The two are now gradually withdrawn together, 
and, after having sufficiently cooled, the upper cupel is removed, 
and the globule of silver detached and weighed. 

From the fact that silver becomes sensibly volatile at very 
elevated temperatures, it becomes necessary to make cupellations 
of this metal at the lowest possible heat at which they can be 
effected. The temperature beat fitted for this operation is obtained 
when the muffle is at a full red heat, and the vapours which arise 
from the assays curl gradually away, and are fiDally removed by 
the draught. When the muffle is heated to whiteness, and the 
vapours rise to the top of the arch, the heat is too great : and 
when, on the contrary, the fumes lie over the bottom, and the 
sides of the openings in the muffle begin to darken, a little more 
fuel must be added or the draught increased. 

If an assay has been properly conducted, the button of silver 
obtained is round, bright, and smooth on its upper surface, and 
beneath should be crystalline and of a dead- white colour ; it is 
easily removed from the cupel, and readily freed from litharge. 
The globule is now laid hold of by a pair of fine pliers and flattened 
on a small steel anvil, by which the oxide of lead which often 
attaches itself to it, becomes pulverized, and may be removed by 
rubbing with a small hard brush. The flattened disc is then 
examined by the aid of a lens, in order to be sure that it is perfectly 
clean, and afterwards weighed in a balance capable of turning with 
one- thousandth of a grain. 

The fuel employed in the furnace consists of hard coke broken 
into small pieces. 

"When the ores of lead, in addition to silver, contain a certain 
amount of gold, the button remaining on the cupel is an alloy of 
these metals. 

Por commercial purposes, the silver contained in any ^ive\^ 
mineral or alloy is estimated in ounces, ^emi^^^V^X*'?^ «XkSw ^^iesi&>^ 
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one ton of ore or alloy being nsually taken as tbe standard of 
unity. 



TABLE SHOWING THB WEIGHT OF BILVEB TO THE TON 


OP OBE OB ALLOT 


OOBBEBPONDING TO THB WEIGHT IN GBAIN B OBTAINED FBOM 400 OBAII7S 


or THB 8UBSTAN01 OPXBATBD ON. 




If400graiiiigiye 
fine metal 


One ton will yield 


If 400 grains give 
fine metal 


One ton will yield 


Graiiw 


OE. dwt. gr. 


Qraina 


oz. dwt. gt. 


•001 


1 15 


•600 


49 


•002 


8 6 


•700 


67 3 8 


•008 


4 21 


•800 


66 6 16 


•004 


6 12 


•900 


73 10 


•005 


8 4 


1-000 


81 13 8 


•006 


9 19 


1-600 


122 10 


•007 


11 10 


2-000 


168 6 16 


•008 


18 1 


2^600 


204 3 8 


•009 


14 16 


8-000 


246 


•010 


16 8 


8-600 


286 16 16 


•020 


1 12 16 


4-000 


326 13 8 


•080 


2 9 


4-600 


367 10 


•040 


8 6 8 


6-000 


408 6 16 


•060 


4 1 16 


6-600 


449 8 8 


•060 


4 18 


6000 


490 


•070 


6 14 8 


6-600 


630 16 16 


•080 


6 10 16 


7-000 


671 13 8 


•090 


7 7 


7-600 


612 10 


•100 


8 8 8 


8-000 


663 6 1« 


•200 


16 16 


8-600 


694 3 8 


•300 


24 10 


9-000 


736 


•400 


82 13 8 


9-600 


775 16 6 


•600 


40 16 16 


10-000 


816 13 8 



Assay op Silteb Ores kot ooirTAiNiNa Lead. — In tbe 
assay of ores belonging to this class, it is usual to obtain tbe metals 
"wbicb they afford in the form of alloys with lead ; and these are 
subsequently passed to the muffle and cupelled in the ordinary 

Ores of silver in which the metals exist in the form of oxides, 
are commonly fused with a mixture of litharge* and powdered 
charcoal, by which an alloy of lead is obtained, which is afterwards 
treated by cupellation. The amount of litharge thus employed 
must be varied according to circumstances, as the resulting outton 
should not be too rich, since in that case a portion of the silver 
might be lost in the slag : nor too large, as the cupellation would 
then occupy a longer time, and a loss through volatilisation bo the 
consequence. 

* Red lead. 1tt&y\)etffiQ4VIi'l^^&&««i'^^^cas^. 



BILYEB OSES. 163 

In most cases, if 400 grains of ore be operated on, a button of 
200 grains will be a convenient weigbt for cupellation ; this may 
be obtained by the addition of 400 grains of litharge, and from 7 
to 8 grains of pulTcrized charcoal. This is to be well mixed with 
200 grains of carbonate of soda or pearlash, and introduced into 
an earthen crucible, of which it should not fill more than one* 
half the capacity. This is now covered by a layer of borax, and 
fused in the usual assay furnace, taking care to remove it from the 
fire as soon as a perfectly liquid slag has been obtained, since the 
unreduced litharge might otherwise be liable to cut through the 
crucible and thus spoil the assay. "When cold the pot is brokeni 
and the button of alloy cupelled in the ordinary way. 

In this, and all other similar experiments, it is necessary to 
ascertain the standard of the lead obtained from the litharge used, 
in order to make the requisite deduction from the results obtained. 
When fine litharge is employed the resulting lead contains so 
small an amount of silver, that for most commercial purposes it 
may be disregarded. 

When other minerals than oxides are to be examined, the addition 
of charcoal becomes in many cases unnecessary, since litharge 
readily attacks all the sulphides, arsenio-sulphides, <&c., and 
oxidises many of their constituents, whilst a proportionate quan^ 
tity of metallic lead is at the same time set free. The slags thus 
formed contain the excess of litharge, and the button of alloy 
obtained is subjected to cupellation. The proportion of oxide of 
lead to be added to ores of this description varies in accordance 
with the amounts of oxidisable substances present ; but it must 
always be added in excess in order to prevent any loss of silver 
from the action of sulphides remaining in the slags. 

The only objection to be made to this method of assay is the 
large quantity of lead produced for cupellation, — since iron pyrites 
afford by the reduction of the litharge 8^ parts of lead, whilst 
sulphide of antimony and grey copper ore yield from 6 to 7 parts. 
This inconvenience may however be obviated by the previous 
oxidation of the mineral, either by roasting or by the aid of nitre, 
from the judicious employment of which buttons of almost any 
desired weight may be obtained. 

Should this reagent be employed in large etcess, it would cause 
the oxidation of all the metallic and combustible substances 
present in the mineral, not even excepting the silver. 

When, however, the mixture contains at the same time a large 
excess of litharge and the quantity of nitre added is not sufficient 
to decompose the whole of the sulphides,, a reaction takes place 
between the undecomposed sulphide and the oxide of lead aaded^ 
which gives rise to the formation of metiSii^Vaj^, wA'Okns* ^wb^- 
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bining with the silver, affords a button of alloy, which may be 
treated by cupellation. 

The quantity of nitre iio be used for this purpose will depend 
on the nature and richness of the ores under examination ; but it 
must be remembered that 2i- parts of nitre will decompose and 
completely oxidise pure iron pyrites, whilst 1^ and |rds its weight 
are in the case of sulphide oi antimony and galena respectively 
sufficient. 

In cases when the excess of sulphur present is very great, a 
partial roastiug of the ore is preferable to the addition of large 
quantities of nitre. 

Instead of operating according to any of the processes above 
described, it is sometimes found advantageous to expel the whole 
of the arsenic and sulphur, by means of a careful roasting, and 
then to fuse the sample thus prepared with a mixture of litharge, 
carbonate of soda and borax, taking care at the same time to add 
a sufficient amount of some reducing flux to obtain a button of 
convenient size. 

When in addition to silver the mineral operated on contains 
gold, the button obtained by cupellation will consist of a mixture 
of these metals, which may be separated in accordance with a 
process which will be shortly described. 

ASSAY OF GOLD OEES. 

Minerals containing gold are assayed in precisely the same way 
as the corresponding ores of silver. 

This metal usually occurs in a quartorze gangue, and is fre- 
quently associated with more or less iron pyrites. 

To make an assay of auriferous quartz, a given weight of the 
sample to be operated on, is to be finely pulverized and sub- 
sequently well mixed with litharge, carbonate of soda, borax, and 
an amount of pounded charcoal sufficient for the production of a 
button of lead of a convenient size for cupellation. The metallic 
button remaining on the cupel after this operation will contain 
the whole of the gold present in the ore, together with any silver 
that may be associated with it, as well as a certain portion of that 
metal derived from the lead of the reduced litharge. 

In the case of poor ores, containing less than half an ounce of 
fine gold per ton, the silver derived from the litharge will frequently 
be amply sufficient for the purposes of inquartation ; whilst, for the 
examination of richer ores, the addition of a little pure silver, at 
the time of placing the button on the cupel, is often necessary. 

When^ in addition to gold, the ore contains iron pyrites, or any 
other Buipburiaed mineral, it fteqvieiitVj W^^^ua that the admixture 
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of charcoal, or any other reducing agent, becomes unnecessaiy, and 
the fusion may be made with litharge alone. 

When pyrites, or any metallic sulphide, is present in large quan- 
tities, the sample must be first roasted until all traces of sulphur 
have ceased to be evolved, and then treated as in the case of sub- 
stances not containing that body, but with the addition of a 
larger proportion of borax. It is, however, to be remembered that, 
when any of these compounds contain sulphur, it is of the greatest 
importance that the whole of it should be removed during the 
process of assaying; since otherwise, and more particularly in 
presence of alkaline sulphides, a portion of the gold would enter 
into combination with the slags in such a way as not to be separated 
from them by the action of metallic lead. 

It may be proper here to remark, that, although it is exceedingly 
easy to estimate with great accuracy the amount of the precious 
metals contained in a given specimen of ore, it is something more 
difficult to obtain a fair average sample of the total produce of a vein. 
When the gold is in a fine state of division, and equally dissemi- 
nated throughout the gangue,. this presents but comparatively 
little difficulty ; but when, on the contrary, it is granular, and occurs 
in pockets and irregular deposits, the reverse is sometimes the 
case. 

It is therefore of the highest importance, that whenever ores are 
to be assayed for gold the greatest care should be observed in 
taking the samples on which the operation is to be conducted. 
AVith this view, the heaps should be cut through, two or three tons 
being taken from each pile of importance, and reduced to fragments 
of the size of beans : this may be done, where crushing machinery 
is not at hand, by hucking on an iron plate. 

The ore thus prepared is now to be thoroughly mixed, made 
into a pile, and again cut through, taking out of it this time from 
three to four hundredweights, which are reduced to a state of 
fine powder, either in a large mortar, a small crushing-mill, 
or by grinding on an iron plate. After well mixing, this pounded 
ore is again cut through^ and about twenty pounds weight of it 
taken, for the purpose of being still further reduced in size and 
passed through a sieve of fine wire gauze : on this last from three 
to six different assays are to be made, and their mean results taken 
as the produce of the ore examined. By operating in this way 
almost absolute accuracy may be ensured ; but, where a less degree 
of exactitude is sufficient the quantities of ore crushed may be 
somewhat reduced and the number of assays fewer. 

Fusion with Litharge and Carbonate of Soda, Sfc. — When the 
quartz does not contain an appreciable quantity of iron pyrites, or 
any other sulphide, weigh 2,000 gra. of ^neV^ ^xji^^e^ub^ w^^^qSl 
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carefully mix it with twice that weight of litharge, 2,000 grs. of 
carhonate of soda, and from 16 to 20 grs. of finely- powdered char- 
coal. Introduce this into a crucible, of which it should not occupy 
more than one-third the capacity, and heat in an ordinary assay 
furnace, until the whole is in a state of the most perfect fusion, 
when the crucible is withdrawn and allowed to cool. When 
sufficiently cold it is broken, and the button of lead extracted and 
cupelled. This method, for the assay of gold quartz, is preferable 
to pouring into a mould. 

Fusion with Red Lead or Litharge. — ^When the sample of quartz 
operated on contains a sufficient amount of sulphide to reduce 
a convenient quantity of lead for cupellation, the assay may be 
sometimes effected by the addition of litharge or red lead only. 
In this case, the oxide of lead must be employed in large excess, 
and 2,000 grs. of the ore may be fused with from three to four 
times its weight of litharge or red lead. 

Auriferous Pyrites. — To determine the amount of gold contained 
in auriferous pyrites, the sample should be roasted until the odour 
of sulphur has ceased to be evolved. If, as in the former experiment, 
the weight originally taken be 2,000 grs., mix with 1,000 grs. of 
dry carbonate of soda, 1,000 grs. of red lead or litharge mixed with 
charcoal, and 1,000 grs. of dried borax ; heat, and in other respects 
proceed as before. 

Cupellation. — The cupellation of the buttons thus obtained is 
to be conducted as described under the head of assays for silver. 

Inquartation. — In order to dissolve out silver by nitric acid 
from an alloy of gold and that metal, it is essential that the silver 
should exceed in weight about three times the gold present. It is 
consequently necessary that, when the amount of gold in the leaden 
button is approximatively known, the piece of pure silver added 
should be of such a weight as nearly to satisfy these conditions. 
The only inconvenience, however, attending the addition of too 
large a proportion of silver, is the circumstance that the gold ob- 
tained by the subsequent action of acid is thereby rendered 
flocculent and somewhat more difficult to collect. 

Parting. — The button remaining on the test, after cupellation, 
is first allowed to cool, then flattened with a small bright-faced 
hammer on a steel anvil, and carefully cleaned with a hard brush. 
After being examined by the aid of a lens, to satisfy the operator 
that it is perfectly free from extraneous matter, the flattened 
button is taken between the jaws of a pair of pliers and dropped 
into a long-necked flaak, of about 2 oz. capacity, containing nitric 
acid of about sp. gr. 1*25 and perfectly free from any trace of 
hjrdrochlonc. The flask and its contents are now heated in a 
Bimd^bath, until all action oa tlie mfitslLVvBA coaoed^ water is added, 
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and the liquid carefdllj decanted off. A little more acid is poured 
on the assay, and again made to boil, water is added, and the liquid 
drawn off as before. The residual gold is now carefully washed 
bj decantation, and finally turned out, by a little careful manipula- 
tion, into a small porcelain capsule, where it is slowly dried in a 
water-bath, or by some other gentle heat, finally ignited to redness, 
and subsequently transferred to the pan of a delicate balance, 
where it is weighed. By dividing the weight obtained by 6, and 
comparing it with the assay table, page 162, the amount of fine 
gold contained in a ton of ore will be determined. 

When the ore treated contains silver in addition to the gold, 
and it is desirable to estimate its amount, it becomes necessary to 
first cupel the button of lead without the addition of silver ; the 
prill thus obtained is weighed, and its weight noted, deduction being 
made for the amount of silver derivable from the reduced litharge, 
which must be ascertained by another experiment. If necessary 
for the parting, more silver is added, by folding the button 
together with a bit of pure silver in lead foil, and again cupelling. 
Lastly, the button is dissolved in nitric acid, and the gold weighed. 
The weight of silver present in the ore will consequently be repre- 
sented by that of the button of alloy obtained from the first cupel- 
lation, less the united weights of the gold, and the silver yielded by 
the reduced litharge. 

In conclusion, we cannot do better than adopt the words of Dr. 
Percy, who, in his published lecture on gold, when speaking on 
this subject, says : " Above everything be particular in obtaining 
an honest and fair average sample. This is a matter of paramount 
importance and of no small difficulty in many cases. But let there 
be honesty of intention, and this difficulty will be generally sur- 
mounted. " 
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EECENT METALLTIKGIC PEOCESSES. 



BESSEMEE'S lEON PEOCESS. 



At the late meeting of the British Association for the Ad- 
vancement of Science, held at Cheltenham, a paper was read by 
Mr. Bessemer on an improved method of manufacturing iron. 
Mr. Bessemer's experiments received great attention, and created 
much surprise : whilst the change in the iron manufacture^ which 
it was supposed would immediately follow, occasioned an excitement 
almost amounting to a panic. 

The elimination of carbon and other impurities contained in 
cast iron, takes place by virtue of a process called cementation, 
in which a chemical change is propagated through solid bodies 
from the exterior towards the centre, or in a contrary direction. 
This process is well illustrated by the annealing of cast iron, and 
the production of malleable iron articles at present so largely 
practised. Small objects made of cast iron are imbedded in finely- 
powdered peroxide of iron, and then heated for periods of greater 
or less duration. The oxygen contained in the oxide of iron is 
thus made to combine with the carbon existing in the cast iron, 
which is thereby eliminated, whilst metallic iron is the result. 
This removal of the carbon, which commences at the surface, 
gradually proceeds inwards, until the whole substance of the 
object has become decarbonised, and converted from cast iron into 
soft wrought iron, without the article having in any respect changed 
its form. In the manufacture of steel the converse of this takes 
place. In this case, bars of wrought iron are surrounded with 
carbon and strongly heated during a considerable period, by which 
means the combination of the carbon with the iron, which com- 
mences at the surface, slowly penetrates the mass. 

By the ordinary process of manufacture, the carbon and other 
impurities contained in cast iron are removed in a similar way, 
and its conversion into wrought iron thereby effected. In this 
operation, slags, containing large quantities of oxide of iron, play 
an important part, since the air merely acts superficially on masses 
of fused iron, even when kept in motion. The oxide, however. 
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which is superficially formed, becomes mixed with the mass of metal 
yielding oxygen to the silicon present, which dissolves more oxide, 
whilst the carbon is converted into carbonic oxide gas, which escapes. 
During the puddling, and hammering or shingling and roUing of 
iron, the slag is first thoroughly incorporated with the metal, and, 
having effected its work, is entirely squeezed from the mass. 

If cast iron from the blast furnace consisted of iron and carbon 
only, the manufacture of steel and wrought iron therefrom would 
be comparatively easy ; but in addition to carbon, cast iron contains 
silicon, sulphur, and phosphorus, together with minute quantities 
of aluminium, calcium, and potassium. The conversion of cast iron 
into wrought consists in the removal of these impurities. By the 
ordinary process this purification consists in submitting the metal 
to the action of air, and subsequently to a series of kneadings and 
squeezings, by which the slags formed are removed. The principal 
chemical changes are at present effected in the refinery and 
puddling furnace ; but Mr. Bessemer proposes to effect the same 
object by the use of air alone. He forces large quantities of air 
into the fused cast iron ; the temperature becomes exceedingly 
elevated, and wrought iron of good quality is said to be the result. 
The heat produced is stated to arise from the combustion of the 
carbon, the whole of which, together with the other impurities, is 
said to be removed. It would, however, be remarkable that the 
combustion of the carbon — the maximum quantity of which is five 
per cent. — should produce the great heat described; and there can be 
no doubt but that the iron itself is at the same time rapidly oxidised. 

Since the announcement of Mr. Bessemer's process, various 
other claimants have presented themselves. In a method patented 
by Mr; Plant as early as the year 1849, currents of air and steam 
are directed upon the surface of the iron while it is in the puddling 
furnace. By Mr. Martien's process, patented September 5lh, 1856, 
currents of air and steam are forced through the melted cast iron 
as it runs from the blast furnaces. Mr. Bessemer, in accordance 
with his patent bearing date January 4th, 1856, forces jets of air 
and steam through the metal in a vessel or apparatus into which it 
has been run in a fluid state from the blast furnace in which it 
was produced. 

The specification of Mr. Plant's patent does not appear to have 
been published ; but from a condensed report to be found in the 
London Journal of Arts, we obtain the following information. 

The date and title of Mr. Plant's patents are as follows : — 

" Letters patent to Eeuben Plant, of Holly Hall Colliery, near 
Dudley, in the county of Worcester, coal master, for improvements 
in making bar or wrought iron. Patent dated July 18th, 1849. 
Per a puddling furnace of the ordinary d\meii«vQTi^,^5Xi^"t^^^Ni^ 
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ba three Unes of tuyeres across the top of the furnace, each line 
consisting of three tuyeres, and each tuyere being one inch in 
diameter; the line furthest from the chimney should be the 
tuyeres for the blast, and the other two lines the steam tuyeres 
for the puddling and preparatory chambers. The blast is to be at 
a pressure of one pound and upwards to the square inch, and the 
steam is to be used at a pressure of ten pounds and upwards on 
the square inch. The blast should be introduced at the top of 
the puddling chamber, just behind the fire-bridge, in a slanting 
direction, so as to drive the flame, as it enters the puddling chamber, 
down upon the whole surface of the iron. The steam from the 
tuyeres should be introduced as nearly as possible at the same 
place, so as to fall in like manner at once upon the whole surface 
of the iron in the puddling chamber. 

'' It is stated that by means of the above arrangements the heat 
of the puddling; and preparatory chambers can be regulated with 
great nicety without the employment of the damper usually in- 
serted in the chimney of a puddling furnace. When the metal in 
the puddling chamber is melted, the blast is to be shut off, and 
steam introduced through the tuyeres until the iron boils. The 
steam is then to be turned off, and the blast is again brought into 
action till the iron appears above the cinder. The blast should 
now be shut off, and the iron finished by the ordinary drafb in the 
usual manner, or the heat may be raised and lowered, as required, 
in the way above described. The damper over the fire-bridge is 
to be raised and lowered from time to time, to increase or lower 
the heat of the puddling chamber, as may be found requisite. 

" The patentee says he does not claim the application alone either 
of blast or steam in the working of an ordinary puddling or other 
furnace ; nor does he confine himself to the details shown and 
described above, so long as the peculiar character of his improve- 
ments be maintained. He claims as his improvements in making 
bar or wrought-iron the use of hot or cold blasts with steam jets 
and hot or cold blasts with the damper described, or with the 
ordinary damper in the draft of the chimney, to regulate the heat 
in the said puddling chamber ; and he claims the use of hot or 
cold blasts and steam jets, and steam jets themselves, to regulate 
the heat in the said puddling and preparatory chambers respectively, 
instead of the ordinary damper." 

That Mr. Martien's inventions are exceedingly similar to those 
claimed by Mr. Bessemer becomes apparent on examining the 
following extracts from his original specification, as published by 
the Commissioners of Patents, 

Its title and date are as follows : — 

^* Letters patent to Joseph Gilbert Martien, of Newark, New 
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Jersey, United States of America, for the invention of improve- 
ments in the manufacture of iron and steel. Patent dated Sep- 
tember 6th, 1855. This invention has for its object the purifying 
of iron when in the liquid state from a blast furnace, or fix)m a 
refinery furnace, by means of atmospheric air, or of steam, or vapour 
of water, applied below, and so that it may rise up amongst, and 
completely penetrate and search every part of the metal prior to 
the congelation, or before such liquid metal is allowed to set, or 
prior to its being run into a reverberatory furnace, in order to its 
being subjected to puddling, by which means the manufacture of 
wrought iron by puddling such purified cast iron, and also the 
manufacture of steel therefrom in the ordinary manner, are im- 
proved. 

" In carrying out my invention, in place of allowing the melted 
iron from a blast furnace simply to flow in the ordinary gutter or 
channel to the bed or moulds, or to refinery or puddling furnaces 
in the ordinary manner, I employ channels or gutters, so arranged 
that numerous streams of air, or of steam, or vapour of water, may 
be passed through and amongst the melted metal as it flows from 
a blast furnace. 

" I prefer, in carrying out my invention, that the ordinary pro- 
cess of refining iron by the use of a refinery furnace should be 
dispensed with, and that the purifying of the iron should be accom- 
plished by subjecting the melted iron from a blast furnace, before 
it is allowed to congeal, to the action of streams of air or of steam 
passed up through and amongst the melted metal ; at the same 
time I would state that where it is preferred by others still to re- 
sort to the ordinary process by re-melting, then my invention is to 
be applied to the melted metal as it flows from such furnace to a 
bed or moulds, in like manner to what I will now describe as appli- 
cable to a blast furnace. The channel or gutter employed may be 
of any suitable material, but I prefer it to be of cast iron, the 
bottom part being made hollow to receive steam, or air, or both. 
This gutter is perforated with numerous holes, which 1 prefer to 
be inclined, so that the streams of air or steam may be forced 
through the melted metal, (as it flows along the gutter,) in an 
oblique direction, but, by preference, in the direction in which the 
metal flows. This, however, is not essential, as the streams of air 
or steam may be passed directly up or through the melted metal ; 
or the holes may be inclined in the opposite direction, so as to 
oppose the flow of the melted metal. When hot blast or cold blast 
is used, I prefer to connect the hollow bottom of the gutter with 
the air pipes used for supplying the blast, and when steam is em* 
ployed, I connect the hollow bottom of the gutter with the boiler 
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used. Bj these means the air or steam iDtroduced in the hollow 
bottom of the gutter below the metal will rise up, and be forced 
through it in numerous streams ; or, in place of the gutter being 
the means of applying streams of air below the fluid iron as it 
comes from a blast furnace, the moulds or beds into which the 
melted iron is received may be arranged with means for introducing 
air or steam below the melted metal, and to divide such air or 
steam into numerous streams, so that the iron may be purified 
thereby after it has come from the blast furnace, and before the 
congelation of the liquid metal takes place. 

" The gutter or channel above-mentioned may be covered over for 
any part of its length, and it may be arranged in a suitable manner 
to admit of heat being applied to the metal therein ; and such is also 
the case with respect to the moulds or bed, in order that heat may 
be continued to the fluid metal after it has left the blast furnace, 
and whilst the process above described of purifying the metal is 
going on. The iron thus purified may be allowed to cool in the 
moulds, or it may be run from the gutter, channel, or receiver, 
into a reverberatory or suitable furnace, to be highly heated therein, 
and may be puddled in the ordinary manner. 

" I would remark that I am aware that it has before been pro- 
posed to use streams of steam in puddling and refinery furnaces in 
such manner as to come in contact with the surface of the melted 
metal therein ; and it has also been proposed to introduce steam 
below melted iron when puddling the same. And I mention these 
cases in order to state that I make not claim thereto ; but what I 
claim is, the purifying iron from a blast furnace or a refinery 
furnace whilst still in a melted state, as herein described." 

The extracts given below sufficiently explain the nature of Mr. 
Bessemer's inventions comprehended in his first patent. This 
patent, for improvements in the manufacture of iron and steel, 
bears date as imder : — 

" Letters patent to Henry Bessemer, of Queen Street Place, 
New Cannon Street, in the City of London, for improvements in 
the manufacture of iron and steel. Patent dated January 24, 1856. 

" Now the object of my present invention is the more perfect 
and complete refinement of the iron, whereby it gradually loses 
the properties common to pig or crude iron, and acquires the 
properties of cast steel, or of pure or decarbonised iron, while it 
still preserves such a state of fluidity as will admit of its being 
cast into ingots or other desired forms or articles by the process of 
founding. For which purpose I expose the iron in a more divided 
or extended form to the intense heat of the furnace or furnaces 
hereinafter described, and to the oxidising action of a blast of air, 
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by keeping such fluid metal in motion, and continuallj bringing 
fresh portions of it in contact with oxygen and with the intensely 
ignited fuel, or with the highly heated interior surface of the 
furnace, the metal being thus kept in a fluid state until the desired 
amount of decarbonisation or refiilement is arrived aL 

" The iron to be used for the purposes of my present invention 
may be conveyed by a gutter m a fluid state direct from the 
smelting furnace, where it has been obtained from the ore, and be 
allowed to flow into the improved furnace or furnaces hereinafter 
described, or it may be obtained from any convenient form of re- 
melting furnace, or the iron may undergo a previous partial refine- 
ment in the old or in any other convenient way ; and which iron 
I proceed to complete the refinement of in any one of the following 
modifications of apparatus. 

" Having thus described my invention, and the manner in which 
the same may be carried into effect, I desire it to be understood 
that I do not confine myself to the precise details herein specified, 
provided that the peculiar character of mj invention be retained ; 
but what I do claim, firstly, is the conversion of fluid crude iron 
into steel or into malleable iron, by exposing the metal to the 
decarbonising action of currents of air in furnaces, through which 
the metal is allowed to fall for that purpose. And also, in the 
manufacture of iron and steel, the alternate rising and lowering of 
two furnaces, so as to allow the fluid metal to ^ow from one to 
the other in the manner, and for the purposes, before described. 

" Secondly, I claim in manufacturing malleable iron and steel 
from crude iron while still in a fluid state, the use of revolving 
furnaces, having apparatus in the interior for the purpose of 
elevating portions of the metal, and allowing it again to fall in 
streams or showers when exposed to the action of currents of air 
passing through the furnace. 

" Thirdly, I claim, in the manufacture of iron and steel, the sus- 
pension of the fluid metal in the furnace by means of centrifugal 
force generated by the rotation of such furnace, and the forcing 
into, through, or upon the fluid metal so suspended, currents of 
air or steam. 

" Lastly, I claim the manufacture of bars, rods, or plates of steel 
by the cementation of bars or rods of malleable iron that have been 
obtained by the direct conversion of crude iron into malleable iron, 
and while still in a fluid state cast in suitable moulds." 

The object of a patent sealed 22nd August, 1856, and dated 
16th of March, are described by Mr. Bessemer as follows : — 

" These improvements relate, firstly, to the peculiar modes by 
which the decarbonisation or partial decarbonisation and re&a&- 
ment of iron is effected, by meana oi cuct^xiXi^ ox \<b\i's^ o*l ^tos^si- 
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Spheric air or steam (a]one or mixed), and which is made to impinge 
tipon the surface, or pass through or in contact with the metol 
wnile in a fluid state. 

** Secondly, in assisting the decarbonisation and refinement of 
iron by the use of oxides of iron^ and in the use of carbonaceous 
matters during such process. 

" And, thirdly, in the manner in which the metal so treated is 
formed into ingots or masses, suitable for being afterwards made 
into bars, plates, or rod, by the process of hammering or rolling." 

By a patent sealed November 14th, 1856, and dated 81st of 
May, Mr. Bessemer secures certain improvements, which he thus 
describes : — 

" In carrying into practical operation the manufacture of malle- 
able iron and steel, by forcing atmospheric air or steam into and 
among the particles of fluid crude iron, for which patents have 
already been granted to me, I have discovered that certain modifi- 
cations of and additions to the apparatus and processes therein 
described maybe advantageously used, and the adaptation of which 
improvements to the manufacture of iron and steel forms the 
subject of my present invention. 

"In the first place, I construct a cylindrical iron vessel, one end 
of which is closed, and rests on a brick foundation. The interior of 
the cylinder I line with segmental fire-bricks, which for some distance 
from the bottom rise up as a vertical wall, and then close over, so as 
to leave only a small aperture of about one twelfth or one sixteenth 
of the area of the lower part of the vessel, thus giving to the 
interior somewhat the form of a pottery kiln. Above the throat 
of the chamber I make a second chamber of any convenient form. 
I, however, prefer it to be cylindrical with a dome-shaped crown. 
This upper chamber must also be provided with one or more 
outlets, and also with a feeding door, and a damper plate to close 
up the outlets to the extent desired. Around the lower part of 
the vessel I insert several tuyere pipes formed of fire-clay, black- 
lead, sandstone, or other refractory substance. These pipes extend 
through the lining of the chamber, and are held in place with a 
packing of loam or sand rammed in around them, the outer ends 
of the pipes being connected in any convenient way to the blast 
or steam pipes, by means of which air or steam is conveyed into 
the chamber for the purpose of rendering the crude iron malleable. 

" The crude metal is to be run into the vessel through a hole 
made in one side for that purpose, and after the completion of the 
process it is drawn off through a tap-hole, secured by loam, similar 
to the tap-holes used in the ordinary cupola furnace. As soon as 
a charge of crude iron is run into the vessel, a workman will put 
into the upper chamber the qv\&n\iit^ oi\)«x ^-adA^m^t ends, or other 
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scrap metal intended to be mixed with the charge ; he should place 
these pieces so as to be acted upon hj the heat and flame issuing 
from the throat of the vessel towards the close of the operation, 
and after the scrap metal has attained a very high temperature, 
the workman will open the door of the upper chamber, and with 
a hook tool he will bring the pieces of scrap iron or steel over the 
throat of the lower chamber, into which thev will fall, and be 
there rapidly melted and mixed with the remamder of the charge. 
"In the treatment of different irons by the process of forcing 
atmospheric or other oxygen therein, it will be found advantageous 
in some cases to use such fluxes as will best act upon the diffe- 
rent bases associated with the iron ; in this way small quantities 
of lime, silica, or alumina may be added with advantage, and so in 
like manner chloride of sodium, iron scales, oxide of manganese, 
and other salts or fluxes, may be used to assist in the separation of 
the impurities contained in the crude metal, as have before been 
used for like purposes, and the application of the same is not 
claimed by me under the present letters patent. 

" These fluxes, or any of them that it may be found necessary 
to use when treating iron in my improved apparatus, may be in- 
troduced into the metal in the form of powder at the tuyeres, by 
allowing such powders to fall from a close vessel gradually into 
the blast pipes, so that they be blown in with currents of air or 
steam, and be thus made to act direct upon the fluid metal ; or in 
lieu of this mode of introducing the fluxes, they may be put in at 
the feeding door, and be allowed to fall through an opening before 
or during the continuation of the process. And, further, when it 
is desired to make any alloy of zinc, copper, silver, or other metals 
with iron or steel, I put such metals m a fluid or solid state, or 
as salts or oxides, into the chamber or vessel, before described, where 
their mixture with the molten iron or steel will be greatly facili- 
tated by the violent agitation which is produced by the forcing in 
of the air or steam, and which continues during the discharge of 
the metal from the vessel, so that no time is allowed for subsidence 
or separation of the alloy should the chemical affinities of the 
metals for each other be so weak as to have a tendency to sepa- 
rate when left in a state of repose." 

Mr. Bessemer then goes on to say': — " For making large ingots 
intended to be hammered or rolled into bars, rails, rods, or plates, 
I construct a mould in the following manner : — I take a massive 
block of iron, of a length somewhat greater than the intended 
ingot, and I make an opening through it from end to end of the 
sectional form to be given to the ingot; the opening may be 
planed or bored truly parallel, but I prefer makitv^ \fe ^"^ci^ 
taper; into the bottom end I ftx a p\\m^et, ^vi^q^ss^^ Vst^%^»<^ 
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rise above the top of the mould. The lower end of the plunger 
is connected to the ram of a hydraulic press, the mould block 
being firmly attached to the cylinder of the press ; above the 
mould I place a plate iron ladle, lined with loam and having a 
hole in the bottom stopped by a plug, into this ladle the metal is 
run, and when it has accumulated to a depth of a few inches the 
plug is to be raised and the metal allowed to descend vertically 
into the mould ; by this means any slags or other impurities which 
float in the ladle will be prevented from mixing with and forming 
part of the ingot. As soon as the metal has solidified, the ram of 
the press is to be acted on by a force pump, and the ingot pushed 
out of the mould, or previous to the discharge of the ingot. In 
this manner the hydraulic press may be used as a means of com- 
pressing or condensing the ingot of metal while still in a semifluid 
state, or as soon as it is solidified, for which purpose a strong slide 
or cover must be made to close the mouth of the mould during 
such pressing process ; a small railway truck is then rolled into a 
position immeaiately above the ingot mould, the truck being so 
made that when the ingot is pushed out of its mould it will enter 
betw-een two moveable pieces jointed to the truck frame, which 
will prevent its return into the mould, when the ram again descends, 
so that the suspended ingot may be readily wheeled away while 
still in a highly heated state to the place where it is to be pressed, 
rolled, or hammered ; or it may be removed to a suitable oven or 
furnace, so that it may retain its heat until the rolls or other ma- 
chinery intended to act on it may be at liberty." 

Since the date of the foregoing extracts, Mr. Bessemer has taken 
out at least five distinct patents for improvements in the manufac- 
ture of iron and steel ; but up to the present time the results 
obtained by this gentleman appear to be by no means equal to 
those at first anticipated.- 

A writer in the Daily News of Tuesday, September lOtk, 1856, 
describes some experiments made on this process by Mr. Clay, 
the manager of Messrs. HorsfalFs Mersey Steel and Iron "Works 
at Liverpool, as producing metal that might be said to be " rotten 
hot and rotten cold^"* and further states that* the iron operated on 
cost originally £6 per ton, but that after being treated by Mr. 
Bessemer's process it was not considered to be worth more than 
£4 per ton. 

The Mining Journal of January 3rd, 1857, gives the following 
description of some experiments made near Glasgow : — 

"Iron Manufaotitbe — The Bessemer Process. — A corres- 
pondent sends a notice of some experiments, according to Mr. 
bessemer's process, recently made at Messrs. Jackson's works, 
near Glasgow. The party invited met ^ixound a cupola and furnace, 
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which bad been erected for the purpose, and where about eight 
tons of iron were to be co&verted from the crude pig state into 
that of malleable iron. After a short delay the cupola was tapped^ 
and the melted iron was admitted bj a trough into the furnace, 
which was fitted up with air pipes through which the compressed 
air was carried to the molten matter. At first the air was carried 
in at a pressure of eight pounds, when a shower of sparks, stars, 
&c., rushed with immense force and in great volume from the top 
of the furnace. This continued for the space of twenty minutes, 
when the pressure upon the air was increased to ten pounds. No 
sooner was the air so compressed admitted to the furnace than the 
ebullition was increased to an astonishing degree, and forthwith 
commenced an exceedingly grand display of pyrotechny. Showers 
of bright but quickly vanishing stars poured out in enormous 
Quantities, rising to a height of 80 feet in a beautiful curve, and 
railing in thick showers to be immediately extinguished, over a 
space of 12 or 14 squM*e yards. By-and-by masses of slag and 
scoria were thrown up from the boihng mass of iron, while the 
gorgeous and brilliant shower of stars rather increased than dimi- 
nished. This continued for about other 15 minutes, when the stars 
and sparks gradually diminished, and a volume of thick luminous 
smoke burst from the furnace, which was followed by bright, faintly 
purple flame, showing that the process was nearly completed. On 
the subsidence of the mass of thick white smoke and flame, a smell 
of burnt sulphur wasstrongly perceptible, which soon changed to one 
having more the smell of iodme. The process, which occupied in 
all about 40 minutes, being now complete, the furnace was tapped, 
and the purified iron ran white and limpid into moulds prepared 
for the purpose. The party then retired from the works for 
refreshment ; and after some time a piece of the pig No. 4 iron, 
upon which the experiment was tried, together with a specimen of 
the iron bar after the process, and specimens after once rolling, 
and after re-heating and a second rolling, were exhibited to the 
party. The specimen of iron after being purified showed a bright 
silvery whiteness, with large crystals, out exceedingly brittle. 
The specimens of rolled iron preserved the same crystalline 
appearance on fracture, but in a state of greater compression, but 
without the slightest trace of fibre.'* The writer adds — " From 
what we saw of the iron, it appears to want every quality which 
would render it valuable for such purposes as malleable iron is 
usually applied to — in fact, the specimens we examined were not 
malleable, and had nothing of that tenacity or ductility, properties 
which render iron valuable, and are so indispensable for the 
mechanical requirements of the present age/' 



178 



BBOEKT ICETALLVBGIO PB00ES8E8. 



The chemical composition of various kinds of iron and steel, 
including that of iron produced by Mr. Bessemer's patented process, 
are given in the following table. 



TABLE SHOWING THE COMPOSITION OP VABIOUB KINDS OP IRON AND STEEL. 



Iron 

Carbon 

Sulphur ... 
Fhoephorus 

Silicon 

Arsenic . . . 
Manganese 
Copper 



English 
grey cast. 



94*63 

2-60 

•36 

•39 

1-53 

• • • 

•60 



English 
refilled. 



98^90 
•41 

• • • 

•40 
•08 

• • • 

•04 



Danemora, 
Swedish. 



98-78 
•84 



•02 
•02 
•06 

•07 



Gennan. 



99-87 

•09 

trace 



03 



English 

oommon 

steel. 



Iron by 

Bessemer's 

process. 



97-94 
1-72 



•22 
•06 
-02 



98-90 

0-06 

0-16 

1-08 

trace 



Prom the foregoing observations it will be gathered that Mr. 
Bessemer has not as yet succeeded in accomplishing all that was afe 
first anticipated from his process ; but we trust that ere long his 
ingenuity and perseverance may be rewarded by results of a mpr^ 
satisfactory nature than those which have been hitherto obtained. 

SINDINQ'S PEOCESS POE PEECIPITATINQ COPPER. 

This process has been invented by M. Sinding, a Norwegian 
smelter, in order to supersede the use of iron for precipitating 
copper in the treatment of poor ores by the wet wa^, in cases 
where fuel for smelting is scarce, and a suitable proportion of rich 
ore is not at hand, as happens in Norway, the island of Anglesea, 
at Eio Tinto, in Spain, and in some other localities. This in- 
vention consists in a new way of preparing sulphuretted hydrogen, 
by means of which the copper is precipitated as a pure sulphide. 
The method of roasting and washing out of the ores, is the same in 
Sinding' s process as in the old methods of making cement copper, 
and as in Bankart's and other processes. 

Sulphuretted hydrogen is made from fuel and ordinary mundic. 
The fuel may be any that will give off hydrocarbon gases when 
distilled. The reaction that takes place is between sulphur vapour 
from the mundic, and hydrocarbon gases from the friel. When 
these are brought in contact with each other at a low red heat, the 
hydrogen combines with the sulphur, and the carbon is deposited 
as a fine black powder. 
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The furnace for making the gas consists of two divisions. The 
first a deep square chamber where the fuel is distilled, is about 2 
feet square, and 8 deep, and at the bottom has a blast pipe by which 
air is blown in. The top of this chamber, or gas generator as it is 
called, is covered by an iron box with a sliding top and bottom, by 
which fuel is introduced without allowing any escape of gas. 
Sinding's original generator was more complicated, having the 
blast pipe high up, and the lower part of the generator smaller 
than the upper, in order to make the fire bum downwards. This 
apparatus was for wood; for coal the simpler arrangement first 
given is used. The generator communicates with the second 
chamber by a short horizontal canal in the upper part of the 
generator, and in this air is mixed with the gas in regulated 
quantities, by means of a blast pipe with stopcocks. 

The second chamber, which contains the mundic, is nearly a 
cube, about 8 feet each way, the roof being slightly arched. This 
chamber has openings in the bottom by which the gas formed 
passes off to the precipitation chambers. These openings are 
covered by a brick roof to keep the mundic from filling them. 
There are also openings at the two sides of this chamber for 
drawing out the spent mundic, and one in the end for charging 
fresh sulphide. This furnace is worked as follows : — The generator 
is filled with fuel and lighted. The blast coming in at the bottom 
supports combustion, and the carbonic acid formed is reduced in 
passing up through the column of fuel. The fresh fuel on the top 
IS distilled by the hot gases passing through it, and gives off hydro- 
carbon gases. The gas that passes off from the generator is a 
mixture of carbonic oxide and hydrocarbon gases. On meeting 
with the blast in the canal, a portion of the gas is burnt, and it is 
essential that only a part of it should be consumed, the object 
being to get sufficient heat to distil sulphur from the mundic, but 
at the same time to leave sufficient gas unbumt to form sulphur- 
etted hydrogen. By regulating the blasts in the generator and 
canal, the mundic chamber is filled with a sheet of flame so smoky 
as to give little or no light ; by this means the mundic is heated 
to low redness, sulphur distils off, and the smell soon indicates 
that sulphuretted hydrogen is present in large quantities. 
A ton of mundic should give about 6 cwts. of sulphuretted 
hydrogen gas. The mundic used in the furnace may be that 
from which the copper is obtained, since it is not wasted in the 
manufacture of the gas, but rather prepared for the process of 
roasting. The precipitation of copper is conducted in an ab-tight 
wooden chamber divided into compartments, so that the ga^ which 
enters at one end must pass in a zigzag direction through the 
whole chamber. The top is formed by a tank, into which tho- 
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solution of copper is pumped. The bottom of this tank is pierced 
with small holes, by which the solution trickles through the gas, 
and there becomes blackened and thickened by precipitated 
sulphide. The solution now runs out at the bottom, and is again 
pumped up, and so on until the precipitation is complete. It k 
then run off into pits, where it settles, the clear liquor is let o% 
and the precipitate dried. This is run down in a furnace, and 
gives a regulus yielding 70 per cent, of copper, and from whicli 
fine copper can be made in one operation. The solution usualljr 
contains iron, and consequently should not be much exposed to 
the air previous to precipitation, as the iron salt becomes pe* 
roxidised, and much gas is wasted in reducing it to the state of 
protoxide. 

This process has been in successful operation for some five yean 
near Eulda, in Norway, and yields a handsome profit. It was 
experimentally tried, last winter, in Wicklow ; but, owing to the 
sulphur in the ore being as valuable as the associated copper, the 
process was not found to answer, since by it the whole of the 
sulphur of the ore is removed. If tried on the same ore, after 
leaving the vitriol works where the sulphur has been burnt off, it 
might, probably, yield a more favourable result. The advantages 
claimed for this process over ordinary precipitation by iron are^ 
first, that it is cheaper ; secondly, that the precipitate is richer. 
The precipitate obtained by Binding's process contains 60 per 
cent, of copper, and is not contaminated by iron. 

PAEKES' PEOOESS FOE DESILVEEIZING LEAD. 

This invention is founded on the property possessed by zinc ot 
uniting with the silver contained in argentiferous lead, and, when 
fused together, forming with it an alloy which is readily skimmed 
off from the surface of the metallic bath. Messrs. Neville and 
Co., who employ this process of desilverization in their works at 
Llanelly, conduct the various operations as follows : — 

The lead treated contains but little silver, usually not more 
than from 10 to 15 ounces per ton, and is frequently that reduced 
from litharge obtained by the cupellation of rich lead, of about 250 
ounces per ton produce. 

Erom 6 to 7 tons of the lead are first melted in a large cast iron 
pot, close to which is a smaller one for fusing the zinc. The 
melted lead is then skimmed, and a sample taken for assay. 

When the zinc has melted it is added to the lead, in the pro- 
portion of from 1^ to 2 fcs. to each ounce of silver contained in 
the lead operated on, and the alloy is well stirred for from 1 to 
2 hours. The fire is subsequently withdrawn, and the metal 
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allowed to rest until a scum forms on the top, which, when it has 
reached a certain thickness, is remored in the same manner as the 
crystals of lead in Pattinson's process. 

After a time, when a crust no longer forms, the lead is ladled 
into a gutter, which conducts it to a reverberator7 furnace, the 
bottom of which is of ca9t iron, where it is kept at a low red heat 
ior some hours to give any traces of dnc, which still remain in 
combination with it, the opportunity of evaporating or becoming 
oxidised. A scum thus forms on the top of the lead, which is 
removed fW)m time to time, and is added to the other matters 
taken to the liquation retorts. When the lead has been suffi- 
oiently purified, it is tapped into a large iron pot, and agitated for 
from 1 J to 2 hours with green wood, as is usual in the ease of 
tin smelting. The quality of the lead thus obtained is said to be 
exceedingly good, and the extraction of nearly the whole of the 
silver is effected. The scum from the pots invariably contains a. 
considerable quantity of lead, which is separated by putting it 
into an iron retort, placed in a sloping position. As soon as this 
becomes heated, the greater portion of the lead runs out into a 
mould placed for that purpose, carrying along with it silver to the 
amount of 1,000 ounces per ton, and is at once cupelled. The 
portion which remains in the retort is subsequently heated with 
small coal, in clay pots, and the zinc distilled from it in the 
ordinary way. 

The residue, afber distillation, contains about 600 ounces of 
silver per ton, together with lead, copper, arsenic, and nickel, if 
these metals were originally present, since zinc has the properly 
of combinincr with these bodies and separating them from lead. 
Messrs. Ne\ lUe and Co. first tried distillation in clay retorts, but 
have since given it up, as the oxide of lead was found to destroy 
them. The quantity of zinc recovered by distillation is said to be 
about half that originally employed. 

The further treatment of the alloy of zinc and silver consists in 
melting it with lead» and as soon as a sufficient quantity of this 
alloy has been obtained, the cupellation of the rich lead pro- 
duced. The great advantage of this method is stated to consist 
in the concentration of the silver in a very small quantity of lead, 
by means of few operations. The loss on the lead is said to be 
1 per cent. 

At the I^aneUy works, Pattinson^s process was formerly em- 
ployed; but they have now entirely given up this mode of trea^ 
meut, finding the new BEietbod^ from its simplicity and aceuraej 
moee advantageous* 
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LINZ PEOCESS. 

At Linz on the Ehine, and some other localities in G-ermanj, 
the poorer sulphides of copper, containing from 1 to 6 per cent, of 
that metal, are treated hy the following process : — 

The ores coming directly from the mine, and without any pre- 
liminary dressing, are first roasted in a double-soled furnace, and 
then ta^en to a series of tanks sunk in the ground and lined with 
basalt. These tanks are also provided with a double bottom, like- 
wise formed of basalt, so arranged as to make a sort of permeable 
diaphragm, and on this is placed the roasted ore, taking care that 
the coarser fragments are charged first, whilst the finer particles 
are laid upon them. 

The cavity thus formed between the bottom of the tank and 
the diaphragm or false bottom, is connected, by means of proper 
flues, with a series of oblong retorts, through each of which a current 
of air is made to pass from a ventilator or a pair of large bellows, 
set in motion by steam or water power. 

In order to use this apparatus, a quantity of ore is roasted in 
the reverberatory furnace, and subsequently placed in the tanks, 
taking care that the first layer shall be in a coarser state of division 
than those which succeed it. 

The retorts, which are formed of fire-tiles and about 6 inches 
in height by 1 foot in width and 6 feet in length, are now brought 
to a red heat, charged with blende and the blast applied. 

The sulphurous acid thus formed is forced by the draught through 
the flues, where it becomes mixed with nitrous fumes, obtained 
from a mixture of nitrate of soda and sulphuric acid, and ultimately 
passes into the chambers beneath the diaphragms on which are laid 
the roasted ores, which must be previously damped by the addition 
of a little water, of which a small quantity is also placed in the 
bottoms of the tanks. The sulphuric acid thus generated attacks the 
oxide of copper formed during the preliminary roasting, giving rise 
to the production of sulphate of copper, which percolates through 
the basaltic diaphragm into the reservoir beneath. 

The liquors which thus accumulate are from time to time dis- 
tributed over the surface of the ore, and the operation repeated 
until the greater portion of the copper has been extracted, when, 
by shifting the damper, the gases are conducted into another tank 
similarly arranged. The hquors from the first basin are now 
pumped into the second, and the operation continued until the ores 
which it contains have ceased to be acted on by the acid. When 
sufficiently saturated, the liquors are drawn off into convenient 
troughs and the copper precipitated by means of scrap iron. The 
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sulphate of iron thus formed is subsequently crystallised out and 
{Nicked into casks for sale. 

On removing the attacked ores from the tank, the finer or upper 
portions are thrown away as entirely exhausted, nearly the whole 
of the copper having been removed from them, whilst the coarser 
fragments are crushed and re-roasted, and finally form the upper 
stratum in a subsequent operation. 

It has been found that, by operating in this way, ores yielding 
only 1 per cent, of copper may be treated with considerable 
advantage, since the sulphate of iron produced, and the increased 
value of the roasted blende, are alone simcient to cover the expenses 
of the operation. 

By this process 3 cwts. of coal are said to be required to roast 
one ton of ore, whilst the same quantity of blende is roasted by 
an expenditure of 4 cwts. of fuel. 

TEEATMENT OF COPPEE OEES BT HTDEOCHLOEIC 

ACID. 

At a short distance from the village of Twista, in the Waldeck, 
several considerable bands of sandstone, more or less impregnated 
with green carbonate of copper, have been long known to exist. 
Although varying considerably in its produce, this ore, on an 
average, yields 2 per cent, of copper, and was formerly raised and 
smelted in large quantities; but this method of treatment not 
having apparently produced satisfactory results, the operations 
were ultimately abandoned. 

The insoluble nature of the granular quartzitic gangue with 
which the copper is associated, suggested, some two years since, 
to Mr. Eodius, of the Linz Metallurgic Works, the possibility of 
treating these ores by means of hydrochloric a<;id, and a large 
establishment for this purpose has ultimately been the result. 

These works consist of a crushing mill, for the reduction of the 
cuperous sandstone to a small size, sixteen dissolving tubs, and a 
considerable number of tanks and reservoirs for the reception of the 
copper liquors and the precipitation of the metal by means of scrap 
iron. Each of the sixteen dissolving tubs is 13 feet in diameter 
and 4 feet in depth, and furnished with a large wooden revolving 
agitator, set in motion by a run of overhead shafting in connection 
-with a powerful water-wheel. This arrangement admits of the 
daily treatment of 20 tons of ore, and the consequent production 
of from 7 to 8 cwts. of copper. Each operation is completed in 24 
hours, the liquor being removed from the tanks to the precipitating 
trough by the aid of wooden pumps. The ore is stored 8xl<1 
brought into the works at 4a, per ton. 
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The acid employed at Twuia ie obtained from the alkali iroib 
in the neighbourhood of Frankfort, contains 16 per cent, of led 
acid, and coats, deliyered at the works, 2«. per 100 fta. iEadi ton 
of sandstone treated requires 400 lbs. of acid, which is diluted wA 
water down to 10 per cent, before being added to the ore. Ereiy 
ton of copper precipitated requires 1^ ton of scrap iron at £^ 5t. 
per ton. 

These works yielded during the last year 120 tons of metallic 
copper, and afforded a nett profit of nearly 50 per cent. l%e 
residues from the washing yats, i un off after the operation, oontam 
but one-tenth per cent, of copper. 

It is probable that this extremely simple process of treating tin 
poorer carbonates and oxides of copper may be practicable in manj 
other localities ; but in order to be enabled to do so with advantage, 
it is necessary that the ore should be obtainable in large quantitieB 
at a cheap rate, and that it should contain but little lime or anj 
other substance than the ores of copper soluble in dilute hydro- 
chloric acid. It is also essential that the mine should be in the 
vicinity of alkali works, in order that a supply of acid may be 
obtained at a cheap rate, and also that scrap iron be procured in 
sufficient quantities and at a moderate price. 

ALUMINnJM. 

This metal, on account of the difficulties formerly attending its 
reduction, has, up to a recent period, possessed but little interest; 
for the metallurgist. The investigations of Deville and others who 
first succeeded in producing it on a large scale, have, however, 
claimed for aluminium a place in the list of useful metals. 

Oersted is stated to have prepared this body in 1827, and 
Wohler in the year following. The method adopted by the former 
chemist was as follows: — Pure alumina intimately mixed with 
powdered charcoal was introduced into a porcelain tube : through 
this, when strongly heated, a stream of chlorine gas was directed, 
and the chloride of aluminium formed collected in a separate 
vessel. By mixing this compound with an amalgam of potassium 
containing a large proportion of the latter body, and immediately 
heating the mixture, chloride of potassium is formed, and metallic 
aluminium combines with the mercury. This, on being distilled, 
out of contact with the atmosphere, gives off the mercury, whilst 
aluminium remains in the form of a metallic button closely resem- 
bling tin. 

Mr. Deville published in 1856 a detailed account of the experi- 
ments with which he had been engaged with reference to the pro- 
duction of aluminium at such a cost aa to be practically applicable 
for variouB purposes in the arta. 
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The method adopted ia esaentiallT the same as that hy which 
Wohlev obtained this metal — the decomposition of chloride of 
aluminium bj means of an alkaline metal. Sodium was chosen aa 
the decomposing agent, because it is more easily obtained than 
potassium. 

The apparatus used consists of three cyHnders conneoted by 
tubes and heated by separate furnaces. 

The chloride of aluminium is introduced into the first cylinder, 
the sodium is placed in trays, holding about 10 Sbs. each, in a 
cylinder of east iron. An intermediate cylinder contains about a 
hundredweight of scrap iron, which serves to separate iron from 
the vapour of chloride of aluminium, by converting the perchloride 
of iron into the much less volatile protoehloride. It also separates 
the hydrochloric acid and chloride of sulphur. 

While the operation is in progress, the connecting tube is kept at 
a temperature of from 400° to 572^ Fah., and the cylinder and trays 
are heated so as to be barely red at the under surface ; the reaction 
between the chloride of aluminium and sodium is attended with 
fio great an evolution of heat that it is sometimes necessary to 
ent&ely remove the fire. 

Yery soon after the reaction has commenced, the chloride ot 
sodium combines with the excess of chloride of aluminium, forming 
a double salt, which is sufficiently volatile to be carried to the 
adjoining tray, where the aluminium is eliminated by means of the 
sodium. The reaction does not commence in one tray until it has 
ceased in that which precedes it, and it is at an end when, on 
removing the cover of the cylinder, the last tray is found to 
contain, in place of the sodium, a black mass, covered with a 
colourless liquid, which is the double chloride of aluminium and 
sodium. The trays are then withdrawn, and replaced by a fresh 
charge of sodium. • 

When the contents of the trajs are cold, they are transfbrred 
to crucibles of cast iron or clay, and heated until completely 
melted, and the double chloride begins to volatilise. Most fre- 
quently the reaction between chloride of aluminium and the sodium 
is not completed in the cylinder, the sodium being protected by a 
crust of chloride of sodium ; but a double chloride of aluminium 
and sodium at the top of the trays is always sufficient to ensure 
the perfect absorption of the sodium in the crucible^ and the alu- 
minium remains finally in contact with a large excess of chloride 
of aluminium^ which is indispensable for the success of the ope- 
ration. 

When the crucibles are cold, the layer of chloride of sodium is 
removed from the top, and from the lower part the globulea of 
metal are separated by washing with W9.tev\ but^ \sfi&(si^«sQS!iSi^s^^ 
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the cliloride of aluminium is dissolTed, and often exercises a veiy 
destructive action upon the metal, so that the globules obtained 
are not larger than a pin's head. These are collected, dried, put 
into a crucible, melted, and run into an ingot. 

It is necessary to take especial care in removing from the sodium 
every particle of carbon which is sometimes mixed with it when 
badly prepared or insufficiently purified ; for otherwise considerable 
quantities of metallic cyanides or cyanates are formed, which dis- 
engage ammonia when brought in contact with water, and cause 
a farther destruction of aluminium. It is also necessary to avoid 
melting the aluminium while it contains sodium, in which case it 
takes fire. It is always better to melt it together with some of 
the double chloride of aluminium and sodium. 

The sodium was obtained by heating a mixture of carbonate of 
soda and carbon in an iron vessel. 

The chloride of aluminium may be prepared by the method 
recommended by G-ay-Lussac and Thenard. Alumina, quite free 
from iron, is mixed with 40 per cent, of carbon, and a small quantify 
of oil, made into a paste, and decomposed at a red heat. The 
compact mass is broken into fragments, and introduced into an 
earthen retort. This is placed in a furnace, and heated to redness, 
while a stream of dry chlorine is passed through the contents. 
At first a considerable amount of water is evolved from the alu- 
minous carbon, which is very hygroscopic. When the chloride of 
aluminium begins to appear, an earthen funnel is fitted to the 
neck of the retort by means of asbestos and clay, and a bell-shaped 
vessel fitted in the same manner to the rim of the funnel. The 
chloride of aluminium condenses in this receiver, and, however 
rapid the stream of chlorine may be during the chief part of the 
operation, it is so completely absorbed by the aluminous carbon, 
that the carbonic oxide which escapes does not give any indication 
of chlorine. However, it contains a little chloride of silicium, 
arising from the action of the chlorine and carbon upon the ma- 
terial of the retort ; also, some aluminium, and, perhaps, some 
chlorocarbonic acid. When the receiver is fiill of chloride <rf 
aluminium, it is removed, and replaced by another, and so on idll 
the operation is finished. 

The amount of chloride of aluminium obtained from 10 pounds 
of alumina is rather more than 20 pounds. The carbonaceous 
residue in the retort contains some alumina, a considerable amount 
of alkaline chlorides, and of the double chloride of aluminium and 
potassium. This residue is washed, mixed with a fresh quantity 
of alumina, and subjected to the same treatment. 

In working this process upon a larse scale, pitch is used as the 
carbonaceous substance ; instead of the day retort, an ordinary 
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gas retort, and, instead of the bell vessel, a small brick chamber, 
covered with glazed earthenware. 

The ammoniacal alum is calcined upon the hearth of the rever- 
beratory furnace, in which the sodium is prepared. After having 
been heated to redness, it is powdered and mixed with coal tar. 
The paste is introduced into crucibles carefully covered, and placed 
in the reverberatory furnace. When the evolution of vapour 
ceases, the crucibles are removed, and, when possible, the aluminous 
carbon is used while still hot. 

The stream of chlorine should be so adjusted as to avoid loss 
either by escaping from the joints of the apparatus, or by being 
carried up the chimney. 

Before commencing the operation, every part of the apparatus 
should be rendered perfectly dry by heating. 

With regard to the utilization of aluminium in the arts, Mr. 
Deville considers that the necessary condition is its production at 
a cost considerably less than that of silver. Owing to the difference 
in density, if aluminium and silver were of the same value, alu- 
minium would be only one-fourth as dear as an equal volume of 
silver ; and, for equal masses, the rigidity of aluminium is much 
greater than that of silver. 

By another process, cryolite, a double fluoride of aluminium and 
sodium is employed. 

Finely pulverized cryolite and metallic sodium are introduced 
in alternate layers into an iron crucible : this is strongly pressed 
and covered with chloride of potassium or sodium ; or, still better, a 
mixture of the two chlorides ; and the crucible fitted with an earthen 
cover. The proportions to be employed are equal weights of cryo- 
lite and the mixed chlorides, and two parts of sodium to five of 
cryolite. The crucible is to be subjected to a strong heat durin? 
the space of half an hour, and, after cooling, the mass is detached 
and oigested in water during about 12 hours. 

Some of the larger globules may now be separated, and the 
residue treated with dilute nitric acid, which gives to the most 
minute specks of aluminium their metallic lustre, and enables the 
operator readily to distinguish them. These may^e now re-melted 
with the addition of a small quantity of the double chlorides, as 
before described. 

Mr. Dumas, when speaking upon the production of aluminium 
on a large scale, remarks :— « 

" The production of aluminium has been the subject of so much 
research durins the last few years, and the mode of preparation so 
much improved, that it has now passed from a scientific production 
to an article of trade. 

• Compt. Bend. zliU., 712. 
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'*The substances employed haye been scarcely changed fvoa 
tbose first proposed. Chloride of aluminium is stul prepared, aa4 
from this aluminium is obtained by the action of sodium. The 
preparation of these substances and the apparatus used, have, how^ 
ever, been entirely altered, to meet the wants of a large produotioQ. 

*' The preparation of chloride of aluminium is troublesome, from 
the diffioulty of oondensins^ and the consequent loss which ensuea 
It is now found better to rorm the double ohloride of aluminium 
and sodium, which is done by passing chlorine gas over a mixtuif 
of alumina, common salt and charcoal. The double salt sublimes 
easily and condenses into a thin fluid like water, running freely tQ 
the receiver and solidifying in the cold. The manu&cture of thte 
salt requires little more care than any common distillation. The 
salt runs off in a continuous stream and forms a solid cake 09 
cooling. 

^ The manufacture of sodium presents no difficulty, since it can 
be made for three and sixpence per pound, !its preparation being 
comparable to that of phosphorus or sine. The materials used aj^ 
carbonate of soda, charcoal and chalk, and with these the procesp 
is so complete that close upon the theoretical quantity is obtained. 
The iron retorts, or mercury flasks, are abolished and a luted Are- 
olay pipe substituted. 

'' For the final reaction of the sodium and chlorides xiothiiig 
better has been found than the common reverberatory furnace, and 
it is not a little strange to see such a furnace when red hot being 
charged with lumps of sodium and the chloride of aluminium and 
sodium. The reaction is gradual and sufficiently quiet to be free 
fix)m danger. The residue in the furnace contains the metallic 
aluminium, in scales, globules, and powder. This is freed from 
adhering salt, by picking and washing. 

^* It takes 3 parts of sodium to make 1 of aluminiiun ; so that ili 
Paris aluminium has been produced for 100 francs the kilogramme^ 
or 36 shillings a pound.*' 

Aluminium is hardened, and its malleability much impaired, by 
the presence of foreign metals: a twentieth part of iron or copp^ 
entirely destroys its malleability, and a tenth part of copper renders 
it as brittle as glass, and imparts to it the property of blackening 
in the air; silver and gold also harden it, but to a much lesB 
extent. 

An alloy of 5 parts of silver to 100 of aluminium can be worked 
fik e the latter metal in a state of purity, and has the advantage of 
being harder and capable of a finer potish. Ten per cent, of gold 
deprive aluminium of none of its malleability, and the alloy thu3 
formed, although harder than the pure metal, is much less so than 
th at containing an equal amount of silvep. One thousanth part 
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of bismuth hardens it to such a degree that, notwithstanding 
repeated annealings, it cracks under the blow of a hammer. 

The addition of aluminium to other metals is often attended 
with advantageous results, if the amount added be not too consider- 
able. Ten per cent, of this metal mixed with copper imparts to 
the latter the brilliancy and colour of gold ; and at the same time, 
without injury to its malleability, it imparts to it sufficient hardness 
to enable it to scratch the alloy of gold employed in our currency. 

Copper containing ten per cent, of aluminium is an alloy of a pale 
gold colour, possessing at once considerable malleability and great 
hardness, and capable of assuming a brilliancy equal to that of 
polished steel ; it also gives silver a great degree of hardness, with- 
out in any way altering its other useful properties. 
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BOEING. 



The art of boring is one of great value and of no little degree of 
antiquity, but until within a few ^ears it had not received that 
degree of attention it practicaUv merits. 

The varied character of the English strata, the frequently limited 
area occupied bj one series of rocks, the undulations ana varying 
depths of beds economicallj valuable, and the proximity of others 
comparatively worthless, tend to render a knowledge of boring a 
matter of the highest interest and importance. Notwithstanding 
this, however, it is an art which has scarcely received any attention 
in this countiT, and we chiefly owe our information on the subject 
to the researches and experiments of continental engineers. This 
is the more surprising when we consider that the results of the 
development of the mineral resources of the country have, daring 
the last few years, proved the presence of valuable and accessible 
beds of coal, clays, and marbles, in places where, but a short time 
previously, their existence was entirely unknown. 

Boring is chiefly employed in searching for coal and ironstone ; 
but, whether applied to the discovery of beds of coal, ironstone, 
marble, clays, salt, ^psum, limestone, slate, springs of medicinal 
waters, or water for domestic purposes, brine springs, or even the 
existence of combustible gases, it must be conceded that the de- 
velopment of an art which must increase our facilities for the 
attamment of such information is of great practical importance. 

The chief improvements in boring appear to have been made 
during the last thirty years, and although the art has been known 
in Chma during many centuries, and used to an extent which, for 
depth of workings, has not been exceeded by the deepest conti- 
nental borings, yet but one stereotyped system was invariably 
followed for all descriptions of rock. 

The flrst and most simple method now employed is that by means 
of a tool similar in its action to the common carpenter's auger : this 
tool is termed a wimble. It has, however, the evident fault of being 
only applicable to soft or yielding ground ; its use is therefore ex- 
tremely limited. Where great depths have to be attained, or hard 
grounapaaaed through, a petcu&oion. tixtosxigi^ment is made use o£ 
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Under ordinary circumstances this consists of a chisel-edged tool, 
similar to the common borer of the miner, attached to a series of iron 
rods, which by means of male and female screws, are fitted into one 
another. These are lifted a certain height by a spring pole, to the 
end of which they are attached by a swivel joint. This arrangement 
may be worked by manual or other power, and is first raised and then 
allowed to fall against the bottom of the hole, whilst at each blow 
the whole set of rods are turned a certain portion of a revolution 
by means of a cross-head lever fitting tightly on the top rod. By 
a repetition of these blows and graduaUy turning the boring bit in 
the hole, so that it shall strike various radii on the surface of the 
bottom, a certain portion of rock is reduced to powder ; this mixes 
with water, forming a kind of paste. "When it has accumulated 
to such an extent as to impede the action of the cutting tool, the 
rods are removed, by separately unscrewing them, and a sludge 
bucket to remove the powdered material is introduced in its stead. 
This consists of a short cylinder of the size of the hole, with a valve 
in its bottom opening inwards, which being, lowered to the bottom 
of the hole, the valve opens and the sludge or pulverized rock enters 
the cylinder, which is then drawn up ; the valve, of course, closing 
on the bucket being elevated. The rods are subsequently re- 
introduced, and a similar series of operations again carried on. 

Among those who have improved the form of the cutting tools, 
we may mention Mr. Ryan, who, about the year 1790, invented a 
tool by which cores or solid portions of the strata of the size of the 
bore-hole might be extracted, as well as Mr. J. Good, who, in 1823, 
took out patents for various arrangements of this kind. 

Since that period great advances have been made in this art, by 
the talent brought to bear upon it by Messrs. Kind, D'CEynhausen, 
Degous6e and Fauvelle, who have been eminently successful, even 
where they have met with difficulties of such a nature as to en- 
tirely prevent the use of the common chisel-edged tool and iron 
rods. 

To the use of continuous iron rods there are two great objec- 
tions : first, their liability to break, from repeated percussions and 
vibrations through their entire length, which produce a molecular 
change in the iron similar to that which takes place in railway axles, 
and which has been termed the " Fatigue of metals ;" and secondly, 
this constant percussion and tremulous action of the rod lashes it 
against the side of the hole. When it is remembered that this 
action is repeated as often as 15,000 times in a day, and continued 
for many months without intermission, it will be readily understood 
that the softer portions of the strata through which the hole has 
passed will be liable to crumble and give way : this takes pl&CA \s^ 
some instances to a considerable extent, ^om^b^m^^^^ i^aic^^^^l^Q^ 
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of the rock get jammed between the rods and the tides of the hoie^' 
and thus entirely prevent their extraction. 

To obviate this, M. D'CEjnhausen has invented a slide on the 
rods. This is inserted at a height of 5 or 6 lengths of rod above 
t^ fcool, 30 that it confines the shock of the fall to that portion <tf 
the arrangement. The weight of the upper rods is also counter^ 
balanced, and they thus only serve as a support to the lower ones. 
The upper rods are also, for the sake of lightness, often made of 
wood, jointed together by male and female screws^ 

M. ITauvelle has introduced improvements in this art of a re^ 
markably novel and ingenious nature. They consist in boriog witli 
hollow rods of a size considerably less than that of the hole : down 
these tubes is forced a stream oi water, and by this means the loss 
of time consequent upon taking out the rods and introducing the 
sludge bucket is altogether obviated ; since the downward current 
in the tubes, striking the bottom of the hole, forces to the sur&oe 
the particles of rock removed by the cutter. There is also a great 
advantage gained by always having a clean surface for the tool to 
act upon. When boring in ordinary strata, this current is foioed 
down the tubes ; but wh^i boring through sand or gravel, the ClI^ 
rent is forced down the outside, whilst the debris ascends through 
the interior of the tubes. By this means stones of the siae of 
24 inches by 1^ inch have been brought to the surface. 

In point of saving of time some extraordinary results have been 
obtained by M. Eauvelle* A boring was made by this system ak 
Ferpignan, to a spring 186 yards from the surface, in July, 1846 1 
the time occupied in reaching this distance was 140 hours of actual 
work, extendiag over a period of 23 days. A similar boring at the 
same place, carried on by a different system, occupied 11 months. 

There are, however, objections to this pl»i which have pre- 
vented its more general adoption; the first is the porosity of 
some kinds of rock, which causes the absorption of more vrater thaA 
the tube is capable of supplying ; another is the action of large 
quantities of water entering the hole from between certain beds of 
rock. The first would prevent the debris from being carried te 
the surface, from the fact of the non-existence of the means ; whilst 
the second would so far interfere with the current as to render its 
action only partial. In deep borings this system appears to be 
very ineflficient. 

The system of the Chinese, which has been so long practised in 
that country, is again coming into use in Europe ; the modus 
operandi of this system may be thus described. The cutting tool 
is suspended by a rope wound on a drum, this is turned so as 
alternately to lift the cutter and then allow it to fall, as in the case 
of ordinary percussion ioda« T\ie c\ii«el foe this purpose ia made 
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heavy and its shank hollow, the arrangement being made to turn 
by the simple torsion of the rope. By this means holes of con- 
siderable size have been bored, as, for instance, some near Man- 
chester of 3 or 4 feet in diameter ; it has also been used to bore 
for the purpose of colliery ventilation. Its merits are — cheapness 
of execution and the short time required to effect the object, since 
there are no rods to be unscrewed, but the tool is simply wound 
up by the rope and drum. Its objections are— the difficulty of 
keepmg the hole perfectly vertical or straight, both of which are 
necessary should it be required to introduce tubing ; there is also 
the difficulty in boring through hard and highly inclined strata by 
this means. 

The Abb6 Imbert relates that he had seen holes, in China, bored 
by this means from 500 to 600 yards deep for the sum of fi*om 
£400 to £500. 

A modification of the Chinese system has been introduced by 
the Soci6t6 Freminville, which chiefly consists in tubing the 
entire length of the hole. The tubes employed for this puroose are 
gradually put down as the boring progresses. In order to allow this 
to take place they are kept loose in the hole by turning, and a 
chisel works in grooves in the lower end of the tube ; after having 
bored a certain depth by percussion from this chisel, a forked tool 
with saws at the extremities, which are forced outwards by a ring, 
enlarges the hole to the requisite size, and allows the tube again to 
descend. G-ood residts have been obtained by this method, and 
it is one of those to which the Soci6t6 has devoted a considerable 
amount of attention. 

The last system which we shall notice is that of M. Kind, who 
has introduced a number of most valuable improvements, and 
brought the art to greater perfection than any other engineer. 

Among M. Kind's improvements we may notice three : — Eirst, 
the use of light wooden rods ; secondly, the employment of a 
" free fall*' percussion tool ; and thirdly, the method of obtaining 
a core or piece of rock of the size of the bore-hole, and of con- 
siderable length, which enables the operator to form a correct idea 
of the character and dip of the strata. 

The advantage of the use of wood over iron rods is obviously 
their light weight, more especially when we consider that the bore- 
holes are usually filled with water ; the wood itself soon gets satu- 
rated with moisture, and the iron screws and ferrules at the end 
of each render the whole mass of a greater specific gravity than 
the water in which it is immersed, only to such an extent as to 
allow of their falling freely through the liquid by which they are 
Burrounded. 

The free fall tool consists of an ixi^Qncaoxv^ ttr6«ai'^««a«c^ V^ 
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which the bit is detached from the rods when they are lifted to 
the height necessary for the proper fall ; it then drops by its own 
weight, whilst the rods follow separately, and when they have been 
again lowered to the neck of the tool an opposite action to that 
which detached it causes it to be caught and held firmly while it 
is being again raised to the requisite height. 

The value of these improvements to the practical borer becoroes 
apparent on considering the results obtained. 

with regard to the use of light wooden rods, we may notice 
the sinking of a hole at Beach, in Luxembourg, to the depth of 
290 yards, at a cost of £320. As an example of the use of wooden 
rods and the free fall tool, the deep sinking at Mondorff, in West- 
phalia, may be quoted. The first 371 yards had cost £1,873, and 
occupied 37 months ; this gives an average cost of £5 la. per 
yard. This depth was bored by the ordinary methods. M. Kind 
then introducea his improvements, and succeeded in sinking the 
remaining portion, 393 yards, in 14 months, at a cost of £829, or 
£2 2s. per yard. 

The tool employed in M. Kind's system weighs from 8 to 10 
ewts., and makes from 8 to 25 blows per minute, according as 
manual power or that of machinery be made use of ; the fall is 
usually about 2} feet, but varies from 1 to 3 feet, and the usual 
size of the hole is 12 inches in diameter. The rods are 45 feet 
long and connected by nude and female screws. 

The average cost of boring by various systems for holes of from 
250 to 400 yards in depth, where no extraordinary accidents have 
happened, may be thus given : — 

M. Degousee's system £4 10 per yard. 

Ordinary English „ 2 12 „ 

Chinese „ 2 7 „ 

M. Kind's „ 12 

The cost of the well at Grenelle amounted to £14,500, or £24 
per yard. 

We now come to the third improvement of M. Kind, vis : 
that of obtaining cores. This is effected by means of two distinct 
tools. The first is a crown borer, consisting of five different 
chisels : this tool works by percussion and makes a circular cut, 
this arrangement is subsequently replaced by another of a 
circular form, with curved teeth pressed inwards by a spring ; this 
is passed down on the core, and when at the bottom of the cut 
luade by the first tool, a slightly rotary motion is imparted to 
it ; — ^the teeth in this way are made to form a groove around the 
core ; a ierk is then given to the whole, when the core beoomes 
detaebea, and is bTo\ig\it to Wi^ %>3ccCftCA) taking care not to 
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twist the rods in bringing them up. The precise strike and dip 
of the strata may in this waj be ascertained. In this manner 
cores of the length of two feet have been obtained, and bj thus 
knowing the exact dip of everj bed passed through, its true 
thickness is determined. 

M. Kind has likewise attempted borings of a size sufBcient 
for ordinary shafts, and in this respect has also been successful. 
A shaft 14 feet in diameter was bored 100 yards in 9 months ; 
another small one 4 feet in diameter was carried to a depth of 120 
yards in 7 months, at a cost £1 4s. per yard. 

The application of boring to sinking shafts in collieries where 
water is an impediment, or in metallic mines to making con- 
nections with lower depths which are in communication with 
means for unwatering, is an important consideration, and it is to 
be regretted that in this country we have not given that atten- 
tion to the subject which it deserves. 

The field open in this direction is wide and important, and 
cannot fail largely to reward, in a pecuniary sense, any intelli- 
/ gence which may be devoted to its development. 
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MINING AS AN INVESTMENT. 



The mineral resouroes of Great Britain are, at the present time, 
being developed with unexampled rapidity, and everj year adds 
considerably to the number of mines in active operation. 

It was formerly customary to carry on mining undertakings 
chiefly by means of local capital ; but, of late years, associations 
have Deen formed for that purpose, both in London and many of 
the larger provincial towns. These associations have greatly stimu- 
lated mining industry, and, although not managed perhaps as 
cheaply and advantageously as some of the smaller adventures, yet 
they have unquestionably conferred important benefits on the 
miner, and given considerable impetus to commerce. 

The mines best known in the market are chiefly those of copper, 
lead, and tin, in addition to which a few quarries and collieries also 
claim a portion of public attention. The former are mostly situated 
in Cornwall, Devonshire, Wales, and the North of England ; the 
latter in Wales and the Northern counties. A marked distinction 
is, however, to be made between metalliferous deposits, slate veins, 
and coal seams. The value of the one class of property is invested 
with mUch uncertainty, whilst that of the other may in most 
instances be ascertained with a greater degree of accuracy. 

The metallic ores are usually found in lodes or veins following a 
given direction, and intersecting the strata at greater or less angles. 
In some cases, however, such deposits are interfoliated between 
the laminae of the beds constituting the strata. 

A lode intersecting the cleavage of the strata is generally spoken 
of as a true vein. It may be of indefinite length and depth, and 
has commonly a greater or less inclination with the meridian. Its 
composition is usually different from that of the enclosing rock- 
The distance between its two walls is called the width or thickness 
of a vein, and may vary considerably. In Europe a metalliferous 
vein is considered wide if it exceeds five or six feet in thickness. 
The deposits of ore occurring in veins are extremely irregular, 
forming masses of very diversified form and extent, separated from 
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each other by intervening patches of Teinstone, which may be 
either entirely devoid of mineral, or otherwise mixed With incon- 
siderable quantities of finely divided ore. 

In mountainous districts veins are o^n explored and worked 
by means of galleries driven from adjacent valleys. In this way ^ 
the ground is unwatered, and a direct communication established 
between the different workings in the mine. When the conforma- 
tion of the country will not admit of a deep gallery of this kind, 
the explorations are carried on by means of shafts drained by 
machinery. This is effected by sinking one or more main shafts, 
and fixing pump-work to remove such water as may be met 
with during the progress of the operations. Galleries right and 
leffc of the shafts are then extended at vertical intervals of about 
10 fathoms, and any ore existing between the various levels subse- 
quently stoped out, whilst the sinking of the shaft is continued 
in proportion as the workings advance. 

The uncertain nature of metalliferous mining affords unusual 
facilities for making unscrupulous misrepresentations, and conse- 
quently whenever, through the abundance of money or other favour- 
able causes, the public mind becomes credulous, it admits the 
grossest misstatements without examination, and readily consents to 
pay exorbitant sums for properties which are, probably, altogether 
worthless, or at least of but little intrinsic value. Sooner or later, 
however, the truth is arrived at, and, under the influence of a violent 
reaction, an industry that deserves well is denounced as a delusion, 
whilst the real circumstances producing the evil are either slurred 
over or forgotten. 

It is often asked if mining, on the whole, is a profitable industry. 
It may be replied that it is not only profitable but largely so, pro- 
vided caution and judgment be exercised in selecting the mines, 
and due integrity, skill and economy, displayed in their manage- 
ment. K, however, these conditions be not fulfilled, the most 
disastrous consequences may be anticipated ; since worthless under- 
takings will in this case be supported by the public, and after 
subscribers have paid extravagant premiums for indifferent proper- 
ties, the capital necessary to develope them will either be squandered 
or injudiciously spent. 

It would be, perhaps, difficult to conduct mining operations to 
any considerable extent without such a division of interest and 
contribution of means as to diminish, in a great degree, the 
pressure which must be individually felt where the number of 
shareholders is small. It is, however, questionable whether it be 
prudent to extend the number of shares beyond a reasonable limit ; 
since it is evident that reduction of price must tend to create an 
undue traffic in them, and thw value ia qoxa^q^^x^ ^va^ >» 
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fluctuate rather in accordance with a more or less unhealthy state 
of public feeling, than with reference to the intrinsic merits of the 
undertaking itself. 

Mining operations are conducted either on the cost book system, 
under the Joint Stock Act, or the recent Act for limiting the 
liability of shareholders- The cost book system has, when fidly 
carried out, many excellent featm*es ; since it not only provides for 
the immediate relinquishment of shares, but also completely limits 
the liability of subscribers. This system had probably its origin 
in local customs ; but its true principles have, unfortunately, been 
seriously perverted by attempts to render them conformable with 
the practices governing ordinary commercial enterprises. The 
routine of mining is peculiar to itself, and its operations are of 
such a technical character as to necessitate a considerable departure 
from the general usages of trade. A mine may be intrinsically 
good, but unless it be worked so as to anticipate a great variety of 
contingencies, not only the interest of the adventurers must be 
prejudiced, but the character of the neighbourhood as a mining 
district may also be seriously affected. Although it is desirable to 
limit the liability of individual shareholders, it is nevertheless 
somewhat hazardous to apply this principle of limitation to all the 
uncertainties and vicissitudes attending mining explorations, unless 
a wide and ample margin be preserved over and above a reasonable 
estimate of the necessary expenditure. No individual, on entering 
upon experimental mining, should exceed to a large extent his 
surplus means, or in any case risk a greater sum than he would 
be enabled to lose, without injury to his credit, should the specu- 
lation prove unfortunate. 

Mining may be classed under two distinct heads, viz. : experi- 
mental and profitable. The first comprehends the various researches 
necessary to establish the presence of metallic ores in remunerative 
quantities ; whilst the second, or profitable mining, includes all 
properly developed undertakings in which a sufficient amount of 
ore has been discovered to ensure their being advantageously 
worked for a more or less extended period. 

A capitalist wishing to become associated with a company 
prosecuting a mining enterprise should first inquire into the 
character of the district in which the mine is situated ; secondly, 
the honesty and ability of the person reporting on it ; and, thirdly, 
ascertain if the shareholders generally are in a position to meet 
the demands which a vigorous trial would be likely to impose on 
them. The constitution of the undertaking should also be inves- 
tigated. !Pree shares are generally objectionable, and the system 
of giTuig a large sum of money for an untried property is highly 
pemiciona ; since, in addition toit^ Q^^cX>^u^QTitW ultimate profits 
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of the concern, it encourages misstatements, and tends to support 
a class of unscrupulous speculators, through whose agency this 
branch of industry has been chiefly brought into disrepute. 

All mineral explorations should be conducted as rapidly as 
possible, for the purpose of lessening the aggregate amount of dead 
charges, and a practical, intelligent, and honest man should be 
entrusted with the direction of the works. It is by no means 
essential that such a person should possess an elaborate education ; 
but his ideas relative to the exigencies of his profession should be 
clear and well defined, and he ought, moreover, to be fully acquainted 
with the uses of the dial, and with all the various operations of 
dressing and preparing the ores for market. Grave mistakes are 
frequently committed by entrusting the local management of 
mineral undertakings to men who possess but a superficial acquaint- 
ance with the subject, and who sink large sums of money in the 
multiplicity of their schemes for economizing expenditure ; such 
persons often make extensive surface erections before proceeding 
to the development of the underground works, and, from mere love 
of display, absorb an undue proportion of the capital, forgetting 
that their arrangements can only be valuable in proportion as the 
mine itself becomes productive. Hence the undertaking becomes 
prematurely embarrassed, and is sometimes obliged, from this cause 
alone, to terminate its existence. 

The radical principal to be observed by a capitalist, when about 
to invest money in profitable or established mines, is to distribute 
his means over a considerable number of them ; since to adventure 
in any single concern is with the best advice a matter of consider- 
able risk. Moreover, it is not judicious to confine investments to one 
district or to one class of mines alone, but to select the richest local- 
ities, and, according to their importance, give the best mines they 
contain a pro rata proportion of capital. It should also be borne 
in mind, that certain adventures are so worked as to afibrd regular 
periodical dividends, while others only yield returns at irregular 
intervals. These two classes of properties do not necessarily imply 
that different systems are pursued in their management. Permanent 
dividend mines are often more advanced in their explorations than 
those which yield irregular profits ; and although the percentage 
of returns is steadier on the former, yet the probability of improve- 
ment in the market value may be considered greater in the latter ; 
thus allowing the capitalists to realize a rate of profit in one 
case which could not be obtained in the other. 

In order to afibrd capitalists a few leading ideas relative to the 
peculiar features tending to make a mine valuable, we note some 
points on which distinct information should, if possible, be obtained 
prior to investment, presuming that, in. tk^ &^\i \si%\As>L^:^^^^ ^^^s^- 
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sdtution of the company, as well as its repute and managemejit, is 
duly approved. 

1st. Situation of the mine, and the value of the locality for its 
specific produce as compared with other mining districts. 

2nd. Belative position of the sett with regard to surrounding 
profitable mines, whether situated on the run of productive lodes, 
or parallel to them ; and if on the latter, whether the ground in 
its general characteristics is analogous to that of the productive 
district. 

3rd. dumber, size, direction, and composition of the lodes, and 
their several lengths through the sett. 

4th. Length and extent of ore ground developed, proximiiy 
of workings to the boundary, the dip or run of the metalliferous 
deposits, and whether they are shortening or lengthening in depth. 

5th. Estimated quantity of ore in reserve, its average produce 
for metal, and if increasing or decreasing in its yield or in the 
monthly tonnage produced. 

6th. The estimated average cost of bringing the ore to surface 
and rendering it fit for market, and an approximate estimate of its 
value per ton. 

7th. Relative proportion of" dead work" to the quantity of ore 
ground taken away, and whether the reserves of ore are being 
increased or diminished. 

8th. Works of trial which are in progress, the time required to 
complete them, and, if successful, to what extent they will enhance 
the value of the property. 

9th. Quality and condition of the machinery, its value, amoimt 
of surplus power at conunand for deepening the mine and drawing 
stuff, its cost of maintenance as compared with the total mining 
expenditure, and the estimated amount which may be required for 
plant, say in four following years. 

10th. General proportions of each distinct expenditure to the 
total cost. 

11th. Estimated value of materials, amount of cash in hand, 
value of ore ground in reserve, less liabilities, as compared with the 
present and prospective value of shares. 

It is believed that the foregoing considerations will be found to 
embrace most of the chief points bearing on the value of a mining 
undertaking ; but it is also possible that minor enquiries will be . 
suggested by the answers which may be elicited. These must, 
however, be pursued according to the discernment and tact of the 
enquirer, who, from the general tone of the information obtained, 
will regulate the extent and importance of his intended investment. 

We, some years since, compiled a series of tables, with a view of 
ascertaining the amouni oi mt^Te^t ^€otded by the most profitable 
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mines, on tlie market as well as on the original cost price of Bharea, 
and of determining approximately the probable future remuneration 
which would accrue from a judicious outlay of money in aecuring 
an interest in a number of sound adventuree. These tables cannot 
be published in extenao, since they involve a multitude of figures, 
aa well aa numerous columnar divisionB inapplicable to this work ; 
but it hoped that, after stating the principles on which they are 
constructed, as weD aa the general reiults, Doth will appear satis- 
factory. 

Tablu I. — A series of British and foreign dividend-paying mines 
were selected, 35 in number, and associated during a period of four 
years, without any reference to the fluctuations of the market or 
advantages ariaiug from changing the investment. The market 
price per share at the commencement of each year was ascertained, 
as well as the dividends paid during the year : this amount, relatively 
with the price, gave the rate of profit per cent., and the mean of 
the whole afforded a fair critenon of the value resulting from 
investing in this description of mineral property. 

The following ia a synopsis of the results obtained : — 
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jRemarks, — Twenty-four British Mines, 
on a capital of £213,429, returned in £. s. d. 
dividends £1,706,170, or on outlay = 799 6 per cent. 

The market value of the mines on the 
1st January, 1853, was £1,482,984 or on 
outlay = 694 16 „ 

Total value accruing on outlay £1493 2 

■ ■ 

Eour Foreign Mines, on a capital 
of £747,500 returned in dividends 
£1,011,825, or on capital = 135 6 6 „ 

The market value of the mines on the 
1st of January, 1853, was £933,625, or on 
capital = 124 9 „ 

Total value accruing on outlay £259 15 6 

Amount realized in dividends from pro 
rata investments made in twenty-four 
British Mines on price 1st January, 
1853 16 12 „ 

Ditto ditto in four Foreign Mines ditto 
ditto 14 14 „ 

Average on the whole pro rata \ nia in n 
investment / ^^^ ^^ ^ " 

The market value of one collective share 
in each British adventure was, on January 
1st, 1853, £3,946 , and January 1st, 1854, 
£5,127. 10*. ; difference £1,181. 10*., equal 
to an increase of 27 12 „ 

In Foreign Mines the total value of one 
share in each undertaking was, on the 
1st January, 1853, £83. 10*. ; on the 1st 
January, 1854, it had increased to £99 5*.; 
the difference, £15. 15*., equal to an in- 
crease of. 18 16 „ 

Total mean increase on the market 
value, considering one share in 
each mine as a collective share 
from January 1st, 1853, to 
January Ist, 1864 ©2a W ^ ., 
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Bemarhs. — ^Thirfcy-one British Mines, on £ 9, d, 
a capital or outlay of £274,670, returned 
in dividends £1,827,857, or on outlay = 658 2 per cent. 

The market value of the mines on the 
1st January, 1864, was £2,817,218, or on 
outlay = 843 12 „ 

Total value accruing on outlay £1,501 14 „ 

Three foreign mines, on a capital of 
£675,000, returned in divs. £1,114,075, 
or on capital = 166 „ 

The market value of the mines on the 
Ist January, 1854, was £1,025,000, or on 
capital = 151 16 „ 

Total value accruing on outlay £316 16 

Amount realized in dividends from pro 
rata investments made in thirty-one British 

mines, on price, January 1st, 1853 16 15 „ 

Ditto, three foreign mines, ditto... 9 15 „ 

Average on the whole^ro ra^flf investment £15 „ 

The united value of one share in each 
British adventure was, on January Ist, 
1864, £5,006, and on January Ist, 1855, 
£4,166 ; the difference, £850, is equal to a 
depreciation of £16 18 

In foreign mines the total value of one 
share in each undertaking was, on January 
1st, 1854, £90, and on January 1st, 1855, 
£86 ; the difference, £5, is equal to a de- 
precmtionof 6 10 „ 

Total mean depreciation, ahout £17 „ 

The general deduction from the foregoing figures is, that mines 
properly selected will yield about £14 per cent, interest on the 
maKet price during good and bad periods ; that the fluctuations 
in the market value of dividend stock reach as high as 28 per cent, 
on British and 19 per cent, on foreign mines, as compared with 
periods of depression ; that British mines are much superior to 
loreign, whether for direct outlay or for investment; and that 
a very considerable profit may be secured by changing impo- 
verished for new stock, and also by realiznig the &dv«iii^tQk^<b'^^^\£L'^ 
from improvements in the market price. 
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JOINT STOCK COMPANIES ACT OF 1856. 



The most celebrated feature of the year 1856 in connection with 
the management of mining and other public companies was the 
passing of the Joint Stock Companies Act, which supplied a de- 
sideratum long required for the constitution of companies placed 
by their seat of operation beyond the limits of the stannaries of 
Cornwall and Devon. These counties may be considered as the 
freehold of the Cost Book system in all that perfection and 
simplicity of character which renders it so highly advantageous to 
every description of mining adventure. 

Without attempting a comparison between the principles of the 
Joint Stock Act and cost book system, in their separate op inde- 
pendent actions, we are content to assume their merits to be 
equally great in their appropriate spheres, since the benefits of the 
Cost Book do not extend beyond the prescribed district, whilst the 
Joint Stock Act, on the other hand, is of the greatest advantage 
to concerns carried on in every other part of the United Kingdom. 
With these prefatory remarks, we proceed to view the Act in its 
present condition under three distinct divisions, 
The Greneral Principles. 
The Articles of Association. 

Special Eegulations. j 

We shall likewise point out some apparent defects, and suggest 
such improvements as might be embodied in future amendments 
of the Act. 

It may be here observed that companies can at the present time, 
upon being first established, adopt either the limited or unlimited 
form of constitution ; but having once registered with unlimited 
liability, there appears to be no certain provision made for substi- 
tuting a limited liability, except by the dissolution of the company 
and its reconstitution. 

This seems to be a mistake, and should be so remedied as to 
admit of limited liability being conferred, if desired by a majority 
of votes, assembled in a general meeting, provided always that the 
liabilities be paid up to the period of such meeting. 

The G-enebal rKi]sroiPi«£8 mat bb thus stated : — 1. That 
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all companies composed of seven persons may permissively, and 
those consisting of twenty-one persons must compulsorily, register 
under the Act, unless they are otherwise legally constituted or 
engaged in working mines within the jurisdiction of the stannaries. 
In default thereof each person becomes severally liable for the 
whole debts of the partnership, and may be sued for the same 
without associating any other partner in the suit. 

2. That if any company registered under this Act carries on 
business when ito number of shareholders is less than seven for 
six months after the number is so reduced, then every share- 
holder who carries it on after such period shall be severally liable 
for the whole of the debts contracted during such time, and may 
be sued for the same without the implication in th^ action of any 
other shareholder. 

3. That liability is limited to the amount of capital fbced in the 
articles of association. 

4. That a memorandum subscribed by seven persons, describing 
the name of the company, minimum number of shareholders, tot^ 
number of shares, object of formation, whether limited or unlimited 
liability, entitles the company to incorporation. 

5. That articles of association are given for governing the 
company, but these may be altered and amended by the share- 
holders, provided they comply with the general provisions of the 
Act. 

6. That the compiany can only be sued in its corporate capacity. 

7. That the company shall keep its own registry of shareholders 
and books of proceeduigs, which are sufficient for all purposes of 
evidence in a court of law. The list of shareholders to be made 
up annually, and a copy thereof, under seal of the company, sent to 
the registrar of Joint Stock Companies, within a certain period, or 
in default, shall incur heavy penalties. 

8. That one-fifth of the shareholders, with the consent of the 
Board of Trade, may investigate the affairs of the company at their 
own expense. 

9. That the company may be wound up as follows : — ^By resolu- 
tion of tfaree*fourths of the shareholders representing one-half of 
the eapital, or by the number of shareholders being reduced below 
seven, or by the company not paying a debt exceeding £50 afber 
judgment is recorded, or three weeks after notice of the debt 
remaining Tinsatisfied, or by three-fourths of the capital being lost 
or unavailable, or when the company does not commence its 
business within a year from the period of incorporation, or suspends 
business for a whole year. 

10. That existing legaUy constituted companies may be t^^^i^^j^3(«L 
under the Act by a resolution of thxee*{o\xt^^ cA >2ti^ ^wkc«w5>^ 
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A grave objection has risen in the minds of many persons to the 
second clause, which, in some cases, contingently destroys the safe- 
guard of limited liability. When, for instance, the number of 
shareholders falls below seven, or the business of the company is 
carried on after a period of six months from such reduction taking 
place, it is to be feared that this may sometimes be effected for the 
dishonest purpose of fixing liability upon certain members of the 
body, who may be thus sued for the whole debts of the association. 
This could not, however, be done without the dishonourable aid of 
the officials of the company, whose duty it is to prevent such pro- 
ceedings, and, if necessary, promptly to wind up the concern. 
Nevertheless, to prevent such a possibility of loss to any particular 
individual, the legislature should so amend the Act as to secure 
its limited character after a first incorporation. As a means erf 
averting such a catastrophe, a clause might be inserted requiring a 
list of shareholders to be printed quarterly and circulated amongst 
the shareholders. 

Shareholders are liable for the amount of their sHares until aU 
calls are entirely paid up. 

Abtigles of AssociATioir. — The modus operandi of register- 
ing a Company is exceedingly simple, the fees are unusually small, 
and the rules may be modified both to the satisfaction of the share- 
holders, and at the same time consistently with the tenor of those 
laid down by the Act. The suing of individual shareholders is 
effectually prevented, and the advantages of tslosing the affairs of 
limited companies cannot be over-estimated, as w^ be seen on 
reference to the winding up powers of the Act. 

It is useful to observe that all existing companies legally con- 
ducted may, by compliance with certain formal obligations, come 
under the operation of this Act. There are, notwithstanding, i 
clauses whose introduction might add to the seciu^ty of share- 
holders ; such, for instance, as compulsory registration with the 
public registrar of joint stock companies of half-yearly balance 
sheets of the affairs, enumerating each item of liability and asset. 
A quarterly list of shareholders to be made out, and copies of both 
documents to be forwarded to each shareholder and creditor. 

The articles of association detailing the duties of directors and 
auditors, and other matters, also require consideration. 

Meetings. — ^A general meeting of shareholders to be held at least 
once in every year. Seven days notice to be given of all meetings. 
"No business to be transacted at any meeting, except declaration 
of a dividend, unless a quorum of shareholders be present, and in 
no case shall a quorum exceed 40. Shareholders entitled to votes 
at meetings as follows: 1 vote for every share held up to 10, 
an additional vote for every h ^\i^tQ^\)€^oxA t\i<^&!«t 10 up to 100, 
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and an additional votei for every ten shares held bejond the first 
hundred, provided all calls be paid and the shares have been passed 
and registered for three months previously ; such votes to be given 
personally or by proxy in fevour of a shareholder, to be lodged at 
the office forty-eight hours prior to being used. 

The number of directors to be determined by first subscribers 
to memorandum of association, and afberwards one third to retire 
annually, but eligible for re-election. Directors to vacate office 
on becoming bankrupt, insolvent, or deriving profit from contracts 
under the company. A director may summon a director's meeting 
at any time. All business transacted and all appointments made 
by them to be entered in a book signed by the chairman, which 
shall be receivable in evidence without further proof. 

Auditors and their Duties. 

Shareholders or any persons not otherwise interested than as 
shareholders, may be elected auditors annually by the shareholders 
at a fixed remuneration. To retire every year, but eligible for 
re-election. To have access to the books at all times, and to 
present a report at the annual meeting. 

Transfer of Shares 

To be made in a form prescribed by the Company, and no person 
to be deemed a shareholder until he has accepted the shares under 
his handwriting. Shares may be declined for registration by the 
company until all calls are paid thereon. Certificates for shares 
held, issued on payment of one shilling each certificate, and, in 
case of loss, duplicates are given at the same charge. Persons 
entitled to shares through death, marriage, bankruptcy, insol- 
vency, or otherwise than by transfer, may hold them in their own 
names or nominate another person whose i^ame shall be regis- 
tered. 

Calls. 

Twenty-one days notice to be given for calling up that portion 
of capital not paid, and interest to be charged at the rate of five per 
cent, per annum, from date of being due to date of payment. 

Dividends. 

Dividends to be paid out of real profits, reverting sufficient for a 
contingency fund ; if declared or paid by the directors whilst the 
concern is insolvent, the directors to be liable for the total amouxLt 
of such dividend. 
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JShrfeiture of Shares, 

Shares to be forfeited in default of payment of calls after due 
notice ; sucli shares becoming the property of the company, and the 
shareholder whose shares are thus forfeited may be sued for calls 
owing. 

Accormts. 

The accounts to be kept upon the system of double entry with 
cash book, journal and ledger, all faciuties given to shareholders 
for inspecting them. A balance sheet to be prepared for every 
annual meeting, made up to a date not more than three months 
previous to such meeting, and a printed copy to be forwarded to each 
of the shareholders, seven days previous to the meeting. 

The foregoing rules abstracted from the act may be modified to 
suit the circumstances of any particular company, so long as the 
alterations are in conformity with their general interpretation. With 
regard to the duties of auditors it would be desirable that their 
powers should be so extended as to embrace the privileges of 
examining all books, documents, letters and accounts^ at sueh 
periods as they may deem fit, and that their investigation should 
comprise the analysation of every item of receipt and expenditure, 
as well as trace these out in the various pay-sheets, banker's pass- 
books, letters, invoices, bills, cheques, and every other document 
upon which the entries in the cash book, journal and ledger, are I 
founded. 

SfegiaIi Eegttlatiob^s. — Our last division. Special ^Regulations, 
requires great attention at the hands of those who purpose availing 
themselves of this act, since it contains several important provisions 
to be observed, viz.— 

Seal, — ^Every company to have a seal on incorporation. 

Office, — Eveiy company to have a principal registered office, whose 
address and subsequent changes are to be registered, under heavy 
penalties for each day's default. 

Name. — " Limited " to be the last word in the name of a company, 
and to be conspicuously affixed on the outside of the door of its place 
of business, and used upon the seal and every document issued by 
the company, under heavy penalties. 

Contract. — Contracts may be made under the seal of the company 
in writing, or verbally by a person duly authorised. 

Deeds, — ^Deeds out of the United Kingdom ms^be executed for 
the company by any person fully empowered by instrument or 
writing under their seal. 

Bills of ExcJiange^ &e, 

BiUa of Exchange and Promissory ^otes may be made, accepted 
or endorsed, by persona dxjly 051^ o\sA«^. 
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Mortgages and Conveyances, 

Mortgages and Gonyeyances made tinder special covenants. 

Notices on company may be sent to the registered office by post 
or otherwise, or served upon the chief officer of the company. 
Company's notices to be signed by authorised officer. 

Winding-up. 

The winding-up of companies is specially provided for by public or 
private arrangement, Persons who have transferred their shares 
one year previous to the commencement of the winding-up, are 
still liable to contribute towards the payment of debts and wind- 
ing-up expenses ; but the transferees of such shares shall indemnify 
the transferror against all calls made. 

Having concluded our notice, in which we have endeavoured 
briefly to remark upon the various points in the act, we shall feel 
satisfied if the information afforded is found to assist in the eluci- 
dation of its provisions and powers. "Upwards of ninety Mining 
Companies have already registered with limited liability, besides 
many others which are engaged in various mercantile transactions. 
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MINING ECONOMICa 



Thb minerals of Great Britain do not, as in many continentid 
countries, belong solely to tbe crown, but are frequently the mh 
perty of private individuals and corporate bodies. The sumee 
and mineral rights are moreover not always united ; consequently, 
the mineral lord may be in receipt of a handsome income from 
mining explorations, whilst the surface proprietor whose land is 
destroyed receives no compensation, in most of the mining 
districts mineral veins cannot be explored without the express 
consent of the proprietor, but in one or two localities they ma? 
be attacked without any special license or authorization* In suoa 
cases, tradition and custom constitute the acting covenants, and 
necessitate each miner to become a conservator of the general 
privileges. 

The consideration for the right of exploring and extracting the 
contents of a vein is usually a proportion of the value produced, 
rendered either in kind or money, and technically known as royalty. 
This is almost invariably secured to the lessor by a lease, which 
also embraces a variety of covenants with the lessee relative to 
the management of the property, and which instrument remains 
in force for a variable term of years. 

The operations of the lessee are generally confined Mrithin 
specific limits, denominated a sett, in which he may usually, subject 
to certain restrictions, work as he thinks proper. Previous to 
obtaining a lease, the miner sometimes works under a " take-nott^* 
which extends for one, two, or more years. This document is 
shorter than a lease, and its cost comparatively trifling. Many 
forms are employed for this instrument ; but one of the best that 
has come under our notice, was drawn some years since, by Mr. 
John Taylor, of which the following is a copy. 

P tmoranbmn ai gujrtement, entered into this day 

of One thousand eight hundred and fifty 

BETWEEN the in the coimtv of 

of the one part, ana 

of the other part, 

THE said doth hereby, for himself, his Heirs, Executors, 

and Administrators, agree witih liSie %«^<^ 
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cheir Execatore, AdminifftratorB, and Assigns, that they the said 
their Executors, Administrators, and Assigns, shall have full and free 
liberty, power, and authority, for themselves, liieir agents, and workmen, 
at any and at all times daring the term of from the date hereof 

"without any let, suit, oar mol^tation from the said 

his Heirs or Assigns, to sink, drive, or make, and use, any ahafts, adits, 
levels, or workings, for exploring, searching for, opening, and efifectually 
working the mines, veins, or beds of lead, lead ore, calamine, black jack, 
and all other metallic minerals whatsoever, in or upon the several <;loses or 
pieces or parcels of land of him the said forming 

part of Farm, situate in the Parish 

of in the said County of and containing in 

the whole acres roods and perches, 

more or less, and now in the occupation of 

and which said closes, pieces, or parcels of land are, as to their extent, form, 
and boundaries, more particularly d^ineated and described in the map or 
plan thereof drawn on these presents, and coloured red : 

And also to erect, buOd, ot set up any engine or engines, mills, or other 
Isuildings; and to do all acts necessary or proper for raising, washing, 
Messing, making merchantable, carrying away, and disposing of the metals 
and metallic ores thereby obtained : 

And also to take down all such machinery from off the said land or 
premises, as their sole property ; but to do as little damage as possible to 
the buildings wherein such machinery shall or may be erected and fixed. 

And the said do hereby agree, for themselves, 

their Executors, Administrators, and Assigns, that they will commence such 
trial or search within one month from the date hereof, and continue to 
work with able-bodied miners at the least, and without inter- 

mission, except when prevented by inevitable accident, or during the 
execution of repairs : 

And will without delay dress and make merchantable all metals and 
metallic ores gotten, and within reasonable periods sell the same by public 
ticketings, or other manner of open or public sale, for the best price that 
can be reasonably obtained for the same : 

And will give to the Agent for the time being of the said 
three clear days notice in vnriting, before each weighing of the said ores or 
minerals ; and, in case any ores or minerals shall be left unweighed for a 
longer period than three months, such ores or minerals shall be considered 
the sole property of the said his Heirs or Assigns : 

And will at all times give a correct account of the state of the Mines or 
works of trial to the said his Executors, Adminis- 

trators, and Assigns, or his or their Agent, when required : 

And will render and pay, by way of rent, to the said 
his Heirs, Executors, Administrators, or Assigns, a sum equal to one 
part of the monies for which the metals and metallic ores and minerals 
obtained under this Agreement, after the same shall have been dressed and 
made merchantable, shaU be sold, clear of all deductions whatsoever : 

And will allow and pay for all trespass that may be done in getting, 
dressing, or carrying away the said metals, ores, or minerals ; such trespass 
to be valued by two indifferent persons, each party choosing one : 

And it is farther a^eed that the said his Heirs and 

Assigns, shall be at hberty from time to time to examine and take plans of 
iJl workings under this Agreement : 

And it is further agreed that the said 
their Executors, Administrators, and Assies, shall at an^ tiscA ^?asxs&i%^^D>!^ 
atoesaid term apply fbr a lease of lihs aaidL ot^« tgl^\s^^ ^t M&siL^<(b^ ^ss»£&^ 
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lease shall be granted for the term of twenty-one years from the date of 
such application : 

And if the said works should be discontinued, and not renewed in one 
month after notice given for that purpose by the said 

his Executors, Administrators, or Assigns, this Agreement and the said 
intended lease shall from thenceforth be void and of no effect. 



Witness to the signature ) 
of the aboTC-named ) 



Witness to the signature 
of the above-named 



} 



It will be observed that one of the clauses of the foregoing 
document secures the right of a lease to the grantee. 

It is obvious that such leases should be so drawn as to embrace 
local peculiarities, but it is to be regretted that many solicitors 
encumber these instruments with complicated clauses, not only in- 
applicable to the usuages of mining, but also most pernicious to 
the interest of both grantor and lessee. 

The leases granted in the western districts of Cornwall are per- 
haps as applicable to the peculiar circumstances of mines as any 
that are to be found, and we therefore append a copy of one of 
them. 



Nature of 
Grant 



Situation. 



day of 



one thousand 
of 



KMs Inhenfnre made the 
eigiit hundred and 

in the county of (who together with 

and including his heirs and assigns are hereinafter designated 
" Grantors ") of the one part and of the parish of 

in the coTinty of , and 

of the parish of in the county of (who 

together with and including their executor administratq^ and 
assigns, and other the adventurers for the time being in the adyen- 
ture intended and hereinafter to be carried on within the lixnits 
hereinafter described are hereinafter designated ** Miners ") of the 
other part Witnt»»tii that in consideration of the rents, payments, 
or dues, covenants and conditions, hereinafter reserved and con- 
tained and on the part of the said miners to be observed and pe^ 
formed the said Doth by these presents give 

and grant tmto the said their executors adminis* 

trators and assigns full and free liberty licence power and authority 
to dig work mine and search for Tin, Tin ore, Copper, Copper ore 
and ^1 other ores, metals, and metallic mineral in under and 
throughout '^11 that part and parcel of the tenement of 
situate and being in the parish of in the county of 

wMch is more particularly delineated and described 
in the map or plan endorsed on the last skin of these presents 
which plan is taken from the map made for the commutation of 
tithes of the said parish of and bears the numbers 

mentioned on the said last-mentioned map and the apportionment 
of the tithe lent-choxge in. iVifi ^^<lig«xla\L oXL which said lands k(9 
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hereinafter referred to by and tinder the denomination of * ' Limits/* 

?(ntr the tin, copper, and all other ores metals and metallic minerals Q^Qg which 

there found to raise and bring to grass, stamp, dress, make mer- may be raised 

chantable and fit for sale and (subject to the reservations, cove- ^^ sold. 

nants, and conditions hereinafter contained) to carry away and 

dispose of the same to his or their own use and to dig and make 

any adits, drifts, shafts, pits, leats or other conyeniences and to 

erect any houses, sheds, engines, or other machines or buildings 

for working the said limits doing as little damage as may be 

necessary in the exercise of the liberties and powers hereby granted : 

^Excepting and reserving nevertheless unto the said ** Grantors " Beservations 

his or their grantees, and his or their respective workmen and ser- to grantor. 

vants, full power at any time or times during the said term to enter 

into the said limits for the purpose of working and to work and 

mine without interruption upon such part of the said limits or any 

lode or vein of tin ore copper ore or any other ore metal or mineral 

for the time being therein and which shall have been left unworked 

for the space of six calendar months next after notice to work the 

same shall have been given by the grantors by writing under his 

or their hand or hands or under the hand of his or their agent for 

the time being to the said miners or any or either of them or the 

purser manager or principal captain for the time being of the mine 

intended to be carried on within the said limits or left for them or 

him at their or his usual or then last known places or place of abode 

in England or at the account-house or other public place on the 

said mine and for that purpose to use all adits, shafts, levels or 

winzes then being within the said limits : lHVLtl aUiO full and free 

power and authority to drive any new adits drifts or levels driven 

or hereafter to be driven within the said limits and to sink any 

shafts or shaft therein fit and proper for the drawing of any such 

adits, drifts or levels within or into, through or crom, the said 

limits or any other lands or grounds of the said grantors or (so far 

as he or they lawfully may) into the lands of any other person or 

persons at pleasure and to keep open repair and use the same adits 

or drifts and shafts and also to convey any water or water-courses 

into and over the said limits from any other land whatsoever in 

such manner as he or they shall respectively think proper for any 

purpose whatsoever, reasonable compensation being made to the 

said miners for any obstruction or damage which may be occasioned 

by the use or exercise of any of the powers or authorities hereby 

reserved : ISLntf also liberty to go down into, examine, and measure 

all or any of the workings of the mine to be wrought or opened 

within the said limits in pursuance of the powers hereby granted, 

and for that purpose to use all the conveniences then and there 

being: ISLvlU also tXCtpting and reserving hereout xaaio the said 

grantors all roads or ways on and over the said limits : ^o i^abe, ^^"^ of 

^oltr, use, exercise, and enjoy, the said liberties, licences, powers ^^<^^* 

and authorities hereby granted (except and subject as aforesaid) 

unto the said mmers for the full term of twenty-one years from 

the date hereof, they the said miners ^ieltring antr pacing unto payment of 

the said grantors the rents or sums of money following (that is to Royalty on 

•ay) sums of money equal to one eighteenth part of all and every copper ore. 

such sum and sums of money as the copper and copper ore to be 

raised and gotten within the said limits shall actuaUy produce by 

the public sale or sales to be held in the usual manner for the tlmft 

iMBing of publicly selling copper and copper oxe m \k^ e^ci.^ ^^^^cckX.-^ 
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Payment of of %nti as the said txn, tin ore, and otfasi 

^yatty on qj,q^ metals and minerals i^all actually produee and be told kr 
^''^' either by public or private sale without any deduotkm or abate- 
ment wnatsoever (except the deduction of the reaMmable eoit 
and charges of carriage of such ores metals and mi»i<»rfl|ft after ikt 
same shall be made merchantable and before the sale thweoQ. 
But in case the said grantors shall at any time or times dmiiig 
the term hereby granted desire to have the part or share of ths j 
Boyalty may ores metals and metallic minerals which shall or may be raised er 
be taken in gotten as aforesaid in kind in lieu of the said hereinbefore mentioDed 
^^^ rents and sums of money and of such his or their desire shall from 

time to give notice in writing under his or their hand <x "htrnfj^ or 
imder the hand or hands of his or their steward or agent or toUer 
for the time being to the said miners by leaving the same with 
them or either of them or with the purser manager or prineipsl 
captain for the time being or at the counting-house or some other 
public part of the ^^ne or mines to be carried on within the said 
limits or by affixing the same on any conspicuous part of the said 
limits. Then and in every such case from and after the expiratioi 
of two calendar months next after such notice shall be so given 
left or affixed as aforesaid and until two calendar months after tke 
same shall from time to time be revoked or countermanded by the 
said Grantors (which he or they shall have power to do by notice 
to be given left or affixed as aforesaid ^ieltfing laying out and 
delivering unto and for the use of the si^ Grantors one sixtecnlh 
part share or dish of all ores metals and minerals which shall or 
may be raised within the said limits, such ores metals and minenli 
having been first well and sufficiently spalled, dried, picked, 
washed, stamped, and dressed, or otherwise according to t^«y 
respective natures thereof made merchantable and fit to be smelted 
and fairly divided and laid out for the said Grantors in some con- 
venient place within the said limits at the cost of the said miners. 
9n)y the said and do hereby for themselves 

their heirs executors and administrators jointly and each of them 
Ore tn hA ^^^ hereby for himself his heirs and administrators covenant, 
properly promise, and agree with and to the said his heirs and 

dressed. assigns, in manner following (that is to say) that they the said 

miners shall and veill at their own expense and with all reasonable 
expedition well and truly spall, dress, stamp and render merchant- 
able and fit for sale all such ores, metals, and metallic minerals ss 
shall be dug raised and gotten within the said limits during the 
said term, so often and so long as the said hereinbefore mentioned 
rent and sums of money hereby reserved shall be payable in monev 
Mode to be ^^ least once in every two months sell or cause to be sold the said 
adopted iu copper and copper ore by public sale or sales in the usual n^^n^^ 
selling ores, in which copper or copper ore shall for the time being be sold in 
the said county of and for the best price or prices in 

money that can be reasonably obtained for the same, 'fLntt sell or 
cause to be sold tin tin ore and other metals and metallic minerals 
Notiee to be either by public sale or private contract as the said miners abi^ll 
?^tOT of t^i'^^ fit ^or tiie best price or prices in money that can be reason- 
intended sale a^ly obtained for the same. %T(tt also during the said term give 
of ores. unto the said Grantors or to their known agents or agent full three 

... days notice in vnriting of the time of every of such sale or sales. 

ofo^tolT ^"^ ^^^^ ^^^ ^^^ ^ ^^^ during the said term whilst the said 
mMde. hereby reserved die^ ox dueft %\\s2iSL \m ^^\ilA in kind to the 
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Orantors at least once in erery two mcmths make « fidr division of 
the said ores, metals, and minerals as aforesaid, the same haying 
been rendered fit for sale as aforesaid. 9i^ also give imto the said Kotioe to be 
Grantors or his or their agent, steward, or toller, for the time ^^^"Jf®^ 
being, full three dear days notice in writing of every such division, di^^ ^ ' 
%iCti also during the saia term hereby granted well and truly pay ores, 
or cause to be paid unto the said Grantors, the aforesaid rents and 
sums of money hereby reserved or render to him or them respect- 
ively the said part or share hereby reserved as dish or dues, the 
said ores metals and minerals as the same shall for the time being 
be respectively payable or senderable according to the reservations 
hereinbefore contained in manner hereinbefore appointed for 
payment thereof veithout any deduction whatsoever. %x(ti shall Ores not to be 
not nor will mix any of such ores, metals, and minerals, with those °"f f^ ^^\\. 
raised within any other limits without leave in writing of the Jth^raS^ 
Grantors or his or their Agent first obtained for that purpose nor beyond the 
sample nor sell the same veith any other ores. %nti shall and vnll limits of thtr 
well and truly pay and discharge all rates, taxes, charges, imposi- fJ^^J^ ^ 
tions and outgoings, parochial or otherwise (excepting the present rates and ^ 
or any future property or income tax) which shall or may at any taxes, 
time, during the term hereby granted, be taxed, charged, assessed 
or imposed on the said mine or the said ores, metals, or minerals 
or the said rents or sums of money hereby reserved or the said 
part or dish hereby reserved, or upon the said Grantors for or in 
respect thereof, intt also shall and wUl at all times during the Correct 
said term hereby granted cause true and faithful accounts to be mining 
entered in a book or books to be kept for that purpose in the J^Jep^" 
counting-house or some other convenient place within the said 
limits of all the ores metals and minerals raised and gotten vrithin 
the said limits dmring the said term and the receipt and expendi- 
ture of the said mine and of all sales thereof respectively and the 
price or prices for which the same respectively shall be sold and 
shall and will at all times permit and suffer the said Grantors his Grantor or 
or their Steward Agent or Toller for the time being to inspect and his agent a»y 
examine die same accoimts and to take extracts therefrom or to ^^^ ^^ 
make copies th^eof. 9n)y also that they the sidd miners shall Sett to be 
and vfrill at all times during the said term hereby granted unless regrularly 
prevented by inevitable accident, effectually and regularly work worked, 
and carry on the mine agreed to be undertaken and prosecuted 
within the limits aforesaid and the bottoms thereof, and every 
lode and vein to be discovered therein at all usual working times 
and in the most proper and effectual manner with a sufficient ^ gnfficient 
number of labouring miners and at no time with less than four nnmber of 
able-bodied miners according to the most approved practice of good able-bodied 
miners. ?luTj also drive and keep forward the deep adit and all "g"\®I^J? ^ 
other adits and levels of or bdohging to the said mine and Btuitlv em- 
continue the same in their proper directions and veith a due ployed. 
preservation of levels so as effectually to work the ground herein- 
before described veith as many able men as can conveniently be 
employed therein. %t(is also shaJl and will within one year from to ereot 
the date of these presents erect and set at work on an eligible or pumping 
proper part of the said limits, groimd, and premises hereby granted, machinery, 
a steam-engine of the most i^roved ccmstruction of not less than 
inch cylinder to work ti^e ground hereby granted and effec- 
tually to try and explore the lodes and veins of ore within the aaid. 
limits and for xmwatering the deepest bottom, oi ^^[iftifim^&^TtssaNfi^ 
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to be opened or wrought therein except whilst prevented by any 

To keep ineyitable impediment. ISLntS int^tt that they the said minen 

baUdii^ and shvll and will at all times during the said term keep all the engine- 

sn^tantial ^ouB^ and other buildings which may be erected on the said 

repair. limits in substantiid repair, (wooden sheds and linhays excepted) 

and also repair and keep open and support all adits, shafts, pits, 

drifts, leats and channels already or hereafter to be driyea, sunk 

or made within the limits aforesaid with proper and conTenient 

timber, fixed stemples, props, and other contrivances^ and the 

Grantor to same severally in such repair shall and will at the expiration or 

have a pre- other sooner determination of the said term (Quietly and peacaUj 

SE? to pur- y^®^^ ^^^ deliver up together with such engines and machineiT 

^sem^' And other materiaLs thereunto belonging as the said Grantors shafl 

rials upon within 'one month after notice in writing from the said minezs « 

Btoppagre of their Purser or Agent of their intention to remove the same, choose 

^^of'lwwe. ^ ^^® ^® ^^^ Grantors paying a reasonable price for sndi 

engines machinery and materials or such parts as he or they shall 

choose to take but so that the said Grantors shall not take any 

part of any engine without taking the whole thereof^ such priee 

and tlio time of payment thereof (if necessary) to be ascertained 

Arbitrators by Arbitrators one to be chosen by the said Grantors and tiie 

be appointed other by the said Miners and in case of their disagreeing tiie 

^nneees- ^^^^^ ^^ ^^ ascertained by such third person as the said two 

referees shall appoint as Umpire, whose decision shall be final (pio* 

vided always that the said miners shall not be obliged to rcmui 

any buildings which shall be necessarily destroyed or injured in 

taking down and removing such Ensmes as the said Grantors 

shall not choose to purchase) and that the said miners shall 

not remove any engines until one month after they shall have 

given notice as aforesaid of their intention to remove the same. 

Grantor or %x(ti also sh$dl and will permit the said Grantors, his or t^ 

^lykSoect ^^^^* steward, or toller for the time being at any time a 

mmes ^ing times during the term hereby granted to go down and inspect 

the continu- examine and measure all or any of the adits, shafts, or other 

ance of lease, yrorks already or hereafter to be dug, wrought, driven, sunk, or 

made within tne said limits and for that purpose to make use of the 

tackle and buckets, ropes, kibbles, or any other contrivances beinf 

within the same, when as often as he or they shall think fit. And 

also shall and vdll at all times during the said term keep, and at 

the end thereof leave all shafts, pits, trenches, or water-courses, 

which shall be made, dug, or sunk, within the said limits during 

the said term well and effectually fenced off so as to prevent cattle 

Restrictions from falling therein, '^nti slso shall do as little damage or injury 

relating to to the surface of the said limits as is possible in the exercise and 

j^f^ ^' enj oyment of the liberties and authorities hereby panted. %nti also 

shall not nor will break or otherwise meddle or mterfere with the 

surface of any portion of the said limits within twenty yards of 

Lessees to any buildings within or on the said limits. %VLtt also tnat they 

supply the said miners shall and will once in every year, if required, at 

mS plans ^^^ ^^''^ expense provide for the said Grantors and deliver to 

and sections him or them or his or their knovni agent a correct plan and section 

of works. of the said mine and of all lodes and veins therein, and shall and 

will whenever called upon for that purpose furnish the said 

Grantors or his or their known agent with a perfect list of the 

names, places of abode and additions shares and interest of evenr 

adventurer concerned m ^oi\^n% iiSEL<& «»&.d Toonfi, 'Untt also shau 
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and will preserve and lay aside in heaps for the occupiers of the Soil tobe.laid 
said limits all the meat earth and soil which shall be dug up in ^i^e ^ 
the prosecution of the said adventure, and shall not within twelve '^^P^ 
months after lay any ores or rubbish thereon, and shall not 
destroy or injure or otherwise interfere or meddle with any 
buildings now, or hereafter to be, erected on any part of the said 
limits by the said Grantors or his or their tenant or tenants. 
Untf also shall and will well and sufficiently repair every hedge, To repair or 
gate, stile, and fence which may be injured and also make such make satis- 
compensation and satisfaction to the said Grantors, his or their S?^°done 
tenants for all injury or damage which may be done to the said ^ ^tene- 
limits or to the cattle or goods of such tenant or tenants by reason ment. 
of the exercise of the powers^ liberties and authorities hereby 
granted during the term aforesaid as shall be fixed by two 
indifferent persons or their umpire to be chosen respectively as 
aforesaid. %ntt also shall and will at the end or other sooner deter- Compenfla- 
mination of the said term hereby granted make full and ample tion to be 
satisfaction to the said Grantors for all such permanent damage or G^tor for 
injury as may have been done to all or any part of the lands and damage to 
hereditaments within the said limits by reason of the exercise of land, 
the liberties and authorities hereby granted, or in any way relating 
thereto the amount of such satisfaction to be ascertained by two 
referees or an umpire respectively chosen as aforesaid unless the 
said rent or sums of money or the value of the said reserved part 
of the ores, metals, and mmeraLs if rendered in kind to the said 
Grantors during the continuance of the said term Tinder the pro- 
visions herein contained shall have exceeded the estimated extent 
of such last-mentioned permanent damage in which case no satis- 
faction shall be made for the same to the said Grantors, ^robitretr Grantor may 
altDaps and it is hereby declared and agreed between and by the distrain for 
said parties hereto, that if whilst the said hereby reserved rents Jf riySSes 
shall be payable in money the said rents or sums of money or any and rents, 
part thereof shall at any time or times be behind or unpaid by the 
space of ten days or more next after any of the several days or 
tmies hereinbefore appointed for the payment thereof, as aforesaid ; 
or if whilst the said hereby reserved part or share shall not be 
duly divided laid out and rendered in kind at the times and in the 
manner hereinbefore appointed for that purpose, ^j^en and in 
either of these cases and as often as the same respectively shall 
happen it shall and mav be lawful to and for the said Grantors to 
enter upon the lands within the said limits and any work or works 
to be wrought and carried on therein or in any part or parts 
thereof and to distrain all or any of the engines, tools, tackle, 
implements, materials, ores or ouier chattels or effects of the 
said miners then and there being and to dispose of the distress or 
distresses then and there found as a distress for rent in arrear to 
the intent that thereby or otherwise the said rents hereby reserved 
and payable in money and then in arrear and unpaid or as the 
case may be, the value of the part or share hereby reserved in 
kind of the ores metals and minerals which shall not be so divided 
laid out upon the grass and rendered at the times and in the 
manner aforesaid such value to be ascertained by the price or 
prices at which the same shall have been sold (if sold) or disposed 
of, but if not sold or disposed of, then to be estimated according 
to the fair market value thereof, and all costs and expenses occa- 
sioned by the non-payment of the said renta oi «\mA ol ixiQ(tk£^ est 
not rendering of the said share as afoxeaaid and erH^rj ^1 ^^^Sk. 
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shall be ftilly paid and aatiflfted. ^ollitretr sbio and it is heiebf 

further declared by and between the said patrtiea hereto tbitif 

the said rents hereby reserved and payable in money or any pait 

thereof, ^r if all or any part of the said part or share of Hiesaid 

ores, metads, and minerals to be rendered in kind as afbresiid 

shall not be well and truly divided laid out npon the grass sal 

rendered in manner and within ten days next after the several 

times hereinbefore mentioned according to the true intent sad 

meaning of these presents (ten days after notice in ivi^iting haviBf 

been first given for that purpose), ^r if the said miners shu 

break or not perform all or any or either of the covenants mi 

agreements hereinbefore contained on their parts to be perfomei 

observed and kept, ^en and in either of those cases, it shafl 

and may be lawful to and for the said Grantors (but wiliMMt 

prejudice to any right of action or other remedy which may fane 

previously accrued in respect of the breach of any or either of tiv 

covenants and agreements herein contained) into and upon the sail 

limits or any part thereof in the name of the whole to re*eabar, 

and the same to have again, repossess and enjoy as if these presenti 

and the grant or sett herein contained had not been made, nl 

thereupon or at any time thereafter by deed under his or tkor 

hand or hands and seal or seals to revoke and make yoid tbmfc 

presents and from and immediately after sudi re*«ntry and levo* 

cation these presents and all grants, setts, licenses, powers ui 

authorities herein contained and hereby granted shall cease and 

be utterly determined as well in equity as at law, anything heron 

contained to the contrary notwithstanoing save and except fat (be 

purpose of enforcing any right of action which shall or may have 

accrued to the said Grantors or to the said miners by reaanm. of 

the breach of all or any of the covenants and conditions heraB> 

before contained. IprobiTretl netertlieUss that it shall not be 

lawftil for the said Grantors to revoke this grant or to xe-enter 

upon the said limits by reason of the breach of the covenast 

hereinbefore contained for effectually working the said lands wi& 

the number of able-bodied miners, and in manner hereinbefise 

mentioned until the expir^on of one month next after the servioe 

in manner hereinafter mentioned of a notice in writing under hiB 

or their hand or hands addressed <* To all to whom it may concern' 

that he or they intend to revoke this grant and re-enter upon the 

said lands by reason of the breach or non-performanoe of siM^ 

last-mentioned covenants and then only in case the said hm^ 

shall not be effectually worked in the manner mentioned in tbe 

said covenants before the expiration of the said period of one 

month and so continued to be worked during all the then tesidae 

of the said term. %x(tf it is hereby agreed by and between tiie 

said parties hereto that the delivering of any such notice to ^ 

Purser Agent or Manager of the mme or mines to be worked 

vnthin the said limits or the affixing the same to the door of the 

counting-house or office of the said mine or mines or on some 

other conspicuous place within the said limits shall be deemed 

and taken to be ^ood service of such notice and that it shall be 

lawful for the said Grantors to give any such notice from time to 

time and notwithstanding the waiver of any farmer notice <t 

notices. 

3En Witneiss whereof the said parties have hereunto set ihor 
hands and ses^ the dA.'y vndL-^eiw ia%t. %bQv« written. 
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THE oost-boob: system. 

The leading features of tHe cost-book system in its ordinary 
and simplest form may be thus briefly described. After a number 
of persons have obtained permission from the owners of a piece of 
land to work the mineral lodes existing in it, they meet together, 
and in a book called the cost-book enter or cause to be entered 
their names for the number of shares which they respectively in- 
tend to hold ; appoint a purser and other officers, and decide what 
workings shall be commenced, making a call to defray the esti- 
mated expenses for a given period, usually two months. The 
purser is the most important officer ; his duty is to keep the cost- 
book and enter in it the accounts of the mine, together with all 
transfers or relinquishments of shares which may be made, pay 
and receive all moneys on account of the adventure, and collect 
the calls due from the shareholders, pay dividends when ordered 
by a general meeting, and convene meetings of shareholders at 
regular intervals. This agent is for many purposes considered to 
be the representative of the whole body of shareholders. 

The shareholders at a gener^ meeting audit the accounts, re- 
ceive reports from the agents, and decide upon further operations. 
Besolutions allowing the accounts, declaring a dividend, or making 
a call, &c., are then passed and subscribed to by the adventurers 
present, or by their representatives holding stamped proxies. 

When a mine is thus conducted, the purser is enabled, by the 
laws of the Stannaries, to sue any adventurer, whether residing in 
or out of Cornwall and Devon, for his proportion of costs so 
audited and signed. 

CoeUhooJc, — This should be a large and strongly-bound book, 
ruled with faint blue lines only. A leaf may be left at the com- 
mencement for inserting the title of the mine, situation of the sett, 
number of shares into which the adventure is divided, lessors' 
and lessees' names, duration of lease, dues payable, and names of 
purser and agents. This, book may be commenced according to 
the following form :— 

London, July lOth, 1857. 

At a meeting held this day for the purpose of making the pre- 
liminary arrangements for working the sett granted by His Eoyal 
Highness the Prince of Wales and Duke of Cornwall, to John 
Miners and William Delf, of a portion of the lands of the manor 
of Westlake. 
Present — 

William Jokes. "^iiAa^csLTi^Tis^ 
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It was resolved unanimously that the adventure be styled the 
Westlake MrcTB, and be divided into 512 parts or shares, and 
conducted on tbe cost-book system, and that such shares are 
divided and held by the following parties, who have hereunto 
signed their names :— 

WESTLAKE MINE.— ORIGINAL SHAEEHOLDERS. 



Names. 


Address. 


Ncof ShmL 


WilliftTn Jon<?Ar 


4, Park Crescent 

7, Mount Square 


180 
70 

220 
42 


Jolin Miners 


William Delf 


PftT»7-ftnfi6, Cornwall 


ThnTPa« T^nriflra 


The Downs, Lancashire 

Total Shares 




TKA 


512 





Eesolved, — That the management of the affairs of this mine 
be conducted by a manager and purser, under the direction of a 
committee of management. 

Besolved, — That Mr. Thomas Boase be and is hereby appointed 
manager and purser, at a salary of per month. 

Ebsolyed, — That the following be the rules and regulations for 
the government of this company : — 

1. That no person shall be recognised as a shareholder in tie 
company or in any way interested in the same until he op she shall 
have been duly registered as a shareholder in the cost-book, 

2. That any shareholder shall be entitled to relinquish his or her 
share or shares on giving notice to the purser, provided he or she 
shall have paid his or her proportion of the costs and liabilities 
then incurred by the said company ; and thereupon such share- 
holder shall cease to have interest in, or to be affected by, any 
liability to the company. 

3. That any shareholder shall be at liberty to transfer lus or her 
share or shares on giving notice thereof in writing to the pursei; 
whereupon the transferree of such share or shares shall be entitled, 
on the delivery to the purser of such notice, by post or otherwise, 
to require the purser to register him or her in the Cost-book as 
the owner of such share or shares, and give his (the purser's) 
certificate accordingly. 

4. That there be general meetings of the shareholders in 
each year, to be held on the first of the months of 

at the hour of one o'clock, or any 
other convenient hour to be named and appointed, in London, at 
the mine, or elsewhere, di 'W\i\c\L ^e^eii. <^<eAx ^jk^^' T^c^tlee shali be 
given by the purser to ewAi daowS^A^et \ «cA ^ ^sa^\s^silR^5ls^ ^ 
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statement of the liabilities and assets of the mine shall be laid 
before the meeting, with vouchers for aU payments; and that 
minutes of the same be entered in the Cost-book, and signed bj 
the chairman or the majority of the shareholders present. 

5. That the committee oi management shall consist of not less 
than shareholders, or more than 

6. That at aU meetings of the committee shall form a 
quorum. 

7. That any member of the committee shall be at liberty to 
retire therefrom at the expiration of four weeks from notice in 
writing of his intention to retire being given to the purser. 

8. That whenever a vacancy shall happen in the committee, the 
remaining members thereof may forthwith fill up such vacancy by 
electing some shareholder, duly qualified as aforesaid, who shall 
continue in office until the next gener^ meeting, when such elec- 
tion shall be confirmed or otherwise. 

9. That all questions which shall come before any meeting of 
the committee be decided by a majority of votes of the members 
present (each having one vote only), and that in case of an equality 
of votes, the chairman shall have a casting vote, in addition to his 
own vote. 

10. That the committee of management shall have power to do 
all acts necessary for the furtherance of the objects of the under- 
taking, so that such acts be in conformity with the principles of 
the cost-book system, and the rules and regulations of the com- 
pany. 

11. That the committee of management, or any person or per- 
sons holding more than shares, may, by notice in writmg, 
require the purser to call a special general meeting of the share- 
holders at the offices of the company for the time being, by giving 
seven clear days' notice thereof to each shareholder ; but at such 
special genend meetings no other business shall be done or 
entered upon than shall be specified in the notice convening the 
meeting. 

12. That any meeting may adjourn from time to time, as may be 
deemed expedient ; but it shall be imperative on the purser, or 
such other agent as the shareholders may appoint, to convene a 
meeting of all the shareholders at least once in every months. 

13. That every shareholder, not in default as to payment of any 
calls, be entitled to a vote at aU the meetings of the company in 
respect of every share held by him or her, and that all questions 
be decided by a majority of votes ; the chairman of the meeting to 
have a casting vote, in addition to his own vote or votes. 

14. That any shareholder, not in default as to payment q€ «k^ 
calls, who may be prevented attending at «n^ T£k!^>c£Ci%^«&^^'c^'%»^ 
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be at liberty to appoint any other sharebolder to vote and aefc far 
him or her bj proxy, ^rovicLBd that eveiT such prozj shall be m 
writing, and shall contmue in force only for the particular meetingf 
for which it shall have have been given, or for anj adjoummeiA 
thereof. 

15. That every general or special general meeting convened tor 
the purpose shall be at liberty to confirm in or remove £rom office 
any member of the committee, or other officer or servant of the 
company ; to vary the number of such committee ; to receive the 
accounts, balance-sheets, and reports of the committee and officen; 
to make any call or calls ; to declare a dividend of surplus prdSd,* 
to increase the number of shares in the' undertaking, and to dispose 
of any additional shares at such prices as they may think fit; 1» 
change the name of the undertaking, and to remodel or abandon 
it altogether. 

16. That the amount of any call, duly made as aforesaid, upon 
each share be deemed a debt due from the owner of such share to 
the purser, which the purser is hereby authorised to sue for in the 
superior courts of common law, or the county courts ; that in any 
action or plaint for the recovery of such debt, the production of a 
resolution entered in the cost-book, purporting to be a resolution 
of a general or special meeting, to be signed by the chairman 
thereof, and to authorise any call, shall be primd facie evidence of 
such call having been duly made; that the production of the 
registry of the defendant as a shareholder in the Cost-book shall 
be primd facie evidence of his being such shareholder at the time 
of such action or plaint being brought ; and that no shareholder 
so sued for calls shall set up his or her partnership with the purser 
as a defence. 

17. It shall be in the power of the shareholders at a epedd 
general meeting, convened by a resolution passed at a general 
meeting held next after the day upon which a call became due, or 
at any subsequent meeting, a copy of the said resolution having 
been first duly forwarded to every shareholder in arrear of calls, 
to declare absolutely forfeited aU shares upon which such (tfJls 
shall remain unpaia; and every such declared defaulter shall 
immediately and thenceforth lose all right, title, interest, or share 
whatsoever in or to the said forfeited shares; or in or to any moneys^ 
credits, oyes, minerals, machinery, or other property of this adven- 
ture, that he might or would have been entiued to, either in law ot 
equity, in virtue of such shares previous to such declared for- 
feiture. 

18. All forfeited shares shall be be transferred to and vested in 
the name of the committee for the time being, subject to the 

directions of the general ot ^ecsvsiSi. m^\ksk^ 
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19. The general or special meetings shall have the power to 
decide at what time and in what manner such forfeited shares shall 
be sold or otherwise disposed of for the general benefit of the ad- 
venturers, intimation having been first given to each shareholder, in 
the ordinary notice convening the general or special meeting, that 
the subject of disposal will be discussed at the said general or 
special meeting. 

20. That all mines, lands, tenements, and hereditaments which 
shall be granted, demised, sett, or leased for the purposes of the 
undertaking, shall be conveyed to or held by trustees for and on 
behalf of the company. 

21. That the company hereby engage to, and do indemnify such 
trustees against all losses, costs, expenses, or damages whatsoever, 
which they may sustain or be put to, by reason of the covenants 
or conditions contained, or to be contained, in any lease, sett, 
conveyance, or instrument, whereby any mines, lands, tenements, 
or hereditaments may have been or may be conveyed to or held by 
them for or on behalf of the company, unless such losses, costs, 
expenses, or damages, shall arise by or through the wilful neglect 
or default of them the said trustees. 

22. That all moneys and securities for money be deposited with 
the bankers of the companv ; that all payments for the undertaking 
be made by the bankers for the time Deing, and no payment be 
made by the bankers without a check, signed by two, at least, of 
the members of the committee at a meeting, and countersigned by 
the purser. 

23. That the general accounts for the current expenses of the 
undertaking be made up, and entered in the Cost-book monthly. 

24. That all notices, whether of general or special general meet- 
ings, of calls for money, or for any other purpose whatsoever, shall 
be, eithej by written or printed, or partly written and partly 
printed, circular from the purser, sent by post, or otherwise, to the 
address of each shareholder, as entered in the Cost-book, and that 
notices so sent shall be effectual for every purpose. 

25. That any alteration in, or addition to, these rules and 
regulations, or any rules and regulations hereafter passed, shall 
only be made at a special general meeting of the shareholders ; and 
any such alterations or additions shall be forthwith entered in the 
Cost-book. 

26. That the Cost-book be kept by the purser, and be at all 
times open to the inspection and examination of the shareholders. 

27. That all persons on becoming shareholders are subject and 
liable to the foregoing rules and regulations. 

28. That a copy of these rules and regulations be given to each 
shareholder, and that a copy of the re&olMt\OTk& ol «xc^ ^css^^^i^aiks^^ 
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and abstracts of accounts, shall be iransmitted to each abaa^hoider 
within ten days after any meeting shall have been held. 

Besolved, — That the following gentlemen do form the first 
committee of management : — Mr. William Jones, Mr. John Miners, 
Mr. Thomas Landers, and Mr. "William Delf. 

Resolved, — That Captain James be appointed underground and 
surface agent, at a salary of per month, and thai he 

shall furnish a weekly report of the mine to the purser. 

Resolved, — That Mr. Bnderby do undertake the duties of deA 
and storekeeper, and that his remuneration be per 

month. 

Resolved, — That an engine shaft be commenced on Jones's 
lode ; that a 30-inch cylinder pumping engine be erected thereon, 
and such othefr work commenced as may be necessary ; and that a 
call of £2 per share be made payable at the Union Bank on or 
before the 20th day of August next, and that the purser do notify 
the same to each shareholder by circuit. 

William Joi^es. 
John Min£bs. 
William Dulf. 
Thomas Landsbs. 

N.B. — The resolutions to be signed by all shareholders present 

The following forms are not to be entered into the cost-book ; but, 
since they are in accordance with the foregoing rules and r^^- 
tions, are interpolated at this place for the sake of convenient re- 
ference. 

fOBM OF TBAirsrEB OP SHABES. 

To Rwrsers of Mine, 

ig- situate in the Parish of 

in the county of 

I do hereby certify, that I have this daj sold 

unto of in the county of 

Part or Share of and in a certain Mine 
or adventure called situate in the Parish 

of in the County of 

together with the like Share or proportion of and in all 
engines, tools, tackle, materials, ores, halvans, monies, and 
all other appurtenances thereunto belonging, together with 
all dividends and advantages to be derived therefrom. And 
this is your authority for transferring the said part or 

share from my name into the name of the said 

As witness mv hand, this day of 

One thousand eight livrndx^ «ad fifty* 
Witnesi 
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I do hereby accept the said part or 

share , subject to the same terms and conditions, rules 
and regulations, as the said held the same. 

Witness, 



FOBM OF BELINQUISHMENT OF SHi.BES. 

To Purser of the 

I of do hereby give you 

notice that from and after the day of 

I shall and dp hereby relinquish all my right title and interest, 
being parts, shares, or doles of and in a certain mine 

or adventure commonly known as the situate in 

the parish of in the county of 

reserving to myself my said proportion of and in all ores, halvans, 
leavings, engines, materials, monies in the Purser's hands, or other 
property, of what nature or kind soever to the said mine in any 
way appertaining or belonging. 

As witness my hand, this day of 

Witness f 

FOBM OF PEOXT. 

I of one of the Adventurers 

in do hereby nominate, constitute, and 

appoint of to be my proxy, in 

my absence to vote or give my assent to or dissent from any busi^ 
ness, matter, or thing relating to the said undertaking, which shall 
be mentioned or proposed at any meeting of the adventurers in the 
said mine in such manner as the said shall 

think proper, according to his opinion and judgment, for the bene- 
fit of the said concern, or any tning appertaining thereunto. In 
witness whereof I have hereunto set my hand this day 

of in the year of our Lord one thousand eight hundred 

and fifty 



Following the minutes of the first meeting, an entry of the lease 
should be ipade {see form, page 214), also a call-list, thus : — 
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w£stlae:e mine. 



Mrst call of £2 per 1-512 share, made July lOth, and payable 
at the Union Bank on or before , 185 . 



No. of 
Letter. 


Names. 


No. of 
Shares. 


Amount 
of CaU. 


Amount 
Beceived. 


i 

7 
3 
9 

17 


Date of Receipt of Call. 


1 
2 
3 
4 


WilUamDelf 


220 

180 

42 

70 


£ 

440 

360 

84 

140 


£ 

440 

360 

84 

140 


August lOth, 1867. 
., 28 „ 

1 


William Jones 


Thomas Landers 


.Tohn Miners 


Shares 


612 


1024 


1024 



Before the next meeting shares may have changed hands. The 
following form of noticing the same is used in some cost-books :— 



WESTLAKE MINE. 



Transfer of shares from 



to 



,185 



^H JO 



1 
2 
3 



Date of 
Transfer 



July 12 
16 
13 



»> 



t> 



Date of Re- 
gistration. 



July 13 
20 
17 



n 



ft 



From whom Transferred. 



To whom Transferred, 



WiUiam Delf . 
William Jones. 
William Delf. 



John Cook. 
Thomas Lias. 
Job Change. 



No.ofShaiei 
Transferred. 



30 
16 
20 



On registry of transfer a certificate to that effect should be sent 
to the proprietor. 






rOEM OP SHAEE CEETIFIOATB. 

WESTLAKE MINING COMPANY, in 512 shares. 
OflB.ces : — London, 

This is to certify there has been deposited with the purser of 
the Westlake Mine, situate in the parish of in the 

county of Cornwall, a memorandum dated 

requesting that a transfer of shares 

from to 

be entered in the cost-book of the adventure, and the same is 
registered and entered accordingly, subject to the rules and regu- 
lations annexed, this day of one thousand 
eight hundred and fifty 

Purser. 
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The next stage in the cost-book is to enter the monthly cost, 
which should be fully and distinctly stated. Instead, however, of 
entering together dissimilar items, they should be carefully clas- 
sified under divisional heads, approximating in their character to 
those which an accountant would deem it necessary to insert in a 
ledger. A cost-book kept in this manner, and properly understood 
by the directing agent, will prove of the greatest value ; since it 
not only affords the means of comparing the expenditure and 
judging of its importance, but frequently reveals many features 
susceptible of economy. 

Under the cost-book system, all labour charge should be disbursed 
monthly, and merchants' accounts charged and acquitted at least 
bi-monthly. A rigid adherence to this principle will always prove 
of great benefit ; since when the men are certain of their money, 
they will work more cheaply and effectively than if payment be 
doubtful ; whilst merchants will not only willingly allow discount 
upon the value of their supplies, but also afford a better article. 

After the cost has been entered an abstract or epitome should 
be appended, against which the receipts of the mine must be 
placed. The profit or loss on the month's working will thus be 
clearly shown. This may be done according to the following form, 
which, in addition to embracing the heads into which the cost 
sheet has been divided, is so constructed as to enter the number 
of men employed, and the quantity of ground excavated in the 
underground workings, both in productive and unproductive 
ground. By this arrangement it is easy to determine the total 
quantity of ground expended for any given period, the cost per 
fathom of each variety of work, the yield of the lodes per fathom, 
the average gettings of the miners, and to what extent the costs or 
returns are in excess, pro rata, upon the number of men employed. 

It may be remarked that when the principle of the cost-book 
system is fully observed, it effectually limits the liability of share- 
holders, whilst no one can doubt its applicability to the purposes 
of mining. This industry, unlike most others, is of an entirely 
speculative character, and often appears to offer immediate riches 
to compensate for a trivial outlay. These prospects frequently 
induce repeated calls, until, ultimately, it is found that the amount 
expended is greatly in excess of what was first anticipated. In 
other cases the converse occurs; where the proprietors had reckoned 
upon expending a large sum of money, they have been agreeably 
surprised to find such an outlay has not been required, and that 
large profits have resulted from their operations. Upon these 
grounds it is held to be injudicious to institute a specific capital 
for effectuating mining explorations in untried ground* 



UISIHG XC0K0U108. 



BrivLog oruucqt* 

,, imlj.... 

VjlIOngirltiiiii .. 



Sondry ^ woili 



SmltliB.. 
Catrlngtan, 



E:^fHMa on Orgt^ 

-irtlnjT stnff ftran f 8 14 ' 



CDBlt,DiJ,]cBtlisr, anda 



Umbra.. 
Iron uiil B 
Sandries . 

TriiuHpa^r 



.i. 



J&^ 



TBTOgo tutwork gattingB por man £8 2 1 ATBiuga omount of monthly coat J 

tribute ditto 3 li 1 j per man, rookoning two boys f £3 U 1 

AvBraffe amount of monthly ratUTQS 3 lH i | 
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Afber the foregoing abstract, or profit and loss account, a simple 
cash account, shewing the financial position of the adventure, should 
be entered thus : — 



Dr. 



The Westlakb Mine. 



Cr. 



£ d. 

1857. 

Aug. 30. To pajTnent on ac- 
count of steam 
engine 700 

^pt. Loss on this 

month's working 1 13 8 

701 13 8 
Oct. 3. Balance 322 6 4 

£1024 



£ s. d, 
18S7. 
Aug. 30. By call of £2 per 

,i-^ share 1024 



sirs 



£1024 



£ «. d. 
Oct. 3. To Balance at Bank- 
ers 301 19 6 

To Balance due 

from Purser ... 20 6 10 



£322 6 4 



By Balance 



£ s. d, 
322 6 4 



£322 6 4 



At the general meeting of shareholders these accounts are 
to be examined, and among the resolutions one should be passed 
for receiving them. At this point the routine of the cost-book 
is established, v^hich will henceforward embrace the entry of 
monthly cost and returns, transfer of shares, calls or dividends 
made, and minutes of all meetings, whether general or special, of 
shareholders or of the committee of management. After the 
entry of the resolutions passed at the regular general meeting of 
adventurers, the agent's report should be inserted, so that the cost 
book may not only record the general progress of the mine, but 
also the agent's opinions of the undertaking. 

In connection with the business of the cost-book various official 
notices, in addition to those already given, are employed. 

The following are some of the most usual forms : — 



KOTICE OF CALL. 



Sir, 



Itondotif 



Wesilake Mine, 
day of 



185 



I beg leave to inform you that a call of £ per ahsxe^ \^^s^ 

been made oh the above mine : your pro^oxtVoiii oxw 
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shares amounting to £ you will be pleased to pay at 

the Union Bank on or before the 

I am, Sir, your obedient serFant, 

Seeretaty. 



Westlake Mining CoMPjLirr. 

DiTIDEKD WaBEANT 185 . 

Mrst dividend, hevng at the rate of per share, 

Name of shareholder 

London, 185 . 

Westlalce Mining Company, 7, Thames Street, 

Pay No. or Bearer Pounds 

Shillings and Pence 

£ 

> Committee of MancLgement 

Secretary, 

Beceived the above amount, ) «• ^ ^ ar t ^ t 

^ > Signature of Shareholder, 

This warrant is payable on presentation at the Union Bank, on 
and after , the -day of , 185 , being first 

signed by the shareholder, or, in an executorship account, bj one 
of the parties thereto. 

Shareholders are particularly requested to notify any change in 
tiieir address to the Secretary. 

N.B. This half-sheet to be presented entire. 



NOTICE TO ATTDITOES. 

Westlake Mine* 

London, day of 185 . 

Sib, 
A Meeting of the Auditors will be held at this place on 
the at o'clock precisely ; at which you are requested 

to attend. 

I am, Sir, joiur obedient Servant, 

Seereiary. 
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IffOTIOB TO COMMITTEE OE MAKAGEMENT. 

Wesilahe Mine, 

London, day of 185 . 

Sir, 
A Meeting of the Committee will be held at this place on 
the at o'clock precisely ; at which you are requested 

to attend. 

I am, Sir, your obedient servant, 

Beeretary, 



NOTICE OF GENEllAL MEETING. 

WestlaJce Mine, 

London, day of 185 

Sib, 
A General Meeting of the Adventurers will be held at 
on the at o'clock precisely ; at which 

you are requested to attend. 

I am, Sir, your obedient servant, 

Secretary. 



NOTICE OF ABBEAB OF CALLS. 

London, 185 * 

Sib, 

I have to request your immediate attention to the payment of 
the Call in arrear on your Shares, amounting to £ made 

on the day of 

I would also beg to remind you of the following extract from 
the Bules and Regulations of the Company : — 

" K any Shareholder or Shareholders shall neglect or refuse to 
pay the Calls, or any part thereof, when so made as aforesaid, to 
the credit of the Company, within the time named for the payment 
thereof in such notice, his her or their Share or Shares shall, upon 
notice being given him her or them to that effect by the Purser or 
Secretary, become absolutely forfeited, and he she or they, and any 
other person or persons claiming under or through him her or 
them, shall immediately after such refusal or neglect as aforesaid 
have no claim right or interest either at law or in equity on the said 
Shares so before held by him her or them, or in or to the mine 
mach:::ery or materials, or to the ores or minerals, whether raised, 
dressed or sold, or otherwise howsoever, or to any monies in the 
Banker's, Purser's, or Secretary's hands ; but such Shares shall be 
absolutely forfeited as aforesaid, and all t\i^ i:\^\. «t \s^^^^ ^ 
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him her or them so forfeiting the same shall be to all intents and 
purposes the property of the remaining Shareholder or Shareholders, 
anything herein contained to the contrary thereof notwithstanding * 

I am, Sir^ your obedient servant, 

Secretary. 



INSUEAJTOE NOTICE. 

Insure Ores from to or the Purchaser a 

Wharf, per Ship Master, in the 
sum of £ 

Bill of Lading dated the day of 185 . 

Tor 

London, 

tHe day of 185 . 



WOEKINa OF MINES. 

Shafts. — It is of great importance, with reference to the ulti- 
mate issue of an undertaking, to choose correct sites for these 
works ; since they not only constitute the highways to and from 
the horizontal galleries, but also afford the necessary facilities both 
for unwatering the mine and removing its produce. Where exten- 
sive permanent operations exist, vertical shafts are desirable, 
especially when large lifts of pumps are to be placed within them ; 
but in the case of commencing preliminary trials in unproved 
ground, it becomes a question, worthy of careful consideration, 
whether a saving of money as well as of time will not be effected 
by the use of underlie sinkings. Objections founded on the nature 
of the rock being unfavourable to this mode of working are entitled 
to considerable weight, but those advanced against the expense and 
inconvenience involved by it may readily be met by the adoption of 
suitable mechanical appliances. Apart from ventilation and pump- 
ing, shafts are only used for winding or climbing. Por the latter 
purpose, inclined are preferable to vertical shafts, and we need 
therefore only consider their adaptation to winding. Hitherto the 
drawing of stuff in inclined shafts has been attended with much ex- 
pense, since no systematic means have been employed for the removal 
of friction and prevention of strain. These evils are readily obviated 
by introducing a kind of guide railway from the mouth of the 
shaft to the bottom. This may be constructed either of wood or 

^ This rule is adopted by some cost-book companies in preference to that 
specked in the Indgulatiotis at. page ^^i. 
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iron and laid in accordance with the inclination of the lode. The 
kibble should not only be provided with wheels to rUn on the rail, 
but should also haye anti-friction or guide wheels, so disposed as to 
retain it in its course, either in ascending or descending. The 
form of the kibble should be such as to admit of its being readily 
filled or discharged. If these appliances be adopted in connection 
with underlie shafts we conceive that the drawing cost will be 
less than by vertical ones without guides ; whilst the relative 
difference of cost of sinking in accordance with the two systems is 
very great, apart from the excess of time necessarily occupied in 
sinking vertical shafts. 

Adit Letels. — A large amount of time and money is sometimes 
squandered in resorting to drainage by means of an adit level. 
"Whatever facilities the neighbourhood may offer for this system of 
drainage, it is never prudent ta resort to it if its cost will much ex- 
ceed that required for the erection and maintenance of machinery, 
to secure the same object. In this respect long shallow adits, a few 
fathoms only below the surface, are seldom advisable, since to 
explore ground to any useful depth machinery must be erected, 
and, when this is done, the cost of raising water an additional ten 
or fifteen fathoms is but trifling. An adit level generally affords 
drainage to a very limited depth only, and possesses few advantages 
other than saving the cost of drawing water from its level of inter*^ 
section with the lode to the surface line. When once this depth 
and the quantity of water are known, the cost for the necessary 
machinery and the expense of pumping can be approximately de- 
termined. If these be compared with the expense incidental to 
the driving of a level the relative advantages of the two systems 
in both money and time become apparent. 

Levels on the coueses of Lodes. — ^In 1778, when Price wrote 
his ^^ Mineralogia Cornuhiensis^^ the vertical distance between 
levels averaged about eight fathoms ; but since that period it has 
increased to ten, and in some recent instances to twelve fathoms. 
There seems to be no valid reason, however, for adopting uniformly 
equal distances between such drivages, since they should rather 
depend upon the character and nature of the lode than upon any 
arbitrary custom. When lodes are large, with short lenticular de- 

Eosits of ore, a less distance than ten fathoms between the levels may 
e necessary ; but in the case of veins presenting the usual charac- 
teristics, a distance of even fifbeen fathoms might sometimes be 
adopted with advantage. The drivage of levels at short distances 
from each other must entail a heavy cost on an undertakings 
especially if it be an extensive one, and therefore this portion of 
mining labour should be carefully economised. The practical 
bearing of this suggestion may be illusttatei b^ ^Jn'^ «555A\:&» Q|l^s«^. 
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driven in the Consolidated Mines, Gwennap, j&om tlie year 1819 
to the end of 1838. The adit had been extended 1,678^ fathoms. 
Below this point, which may be regarded as the datum line, weie 
driven thirty-two levels, twenty-five of them ten fathoms, and 
seven five fathoms apart, giving an aggregate length of 35,650 
fathoms. The winzes measured 13,631 fathoms, and the shafts 
4,360. The proportion was therefore forty-nine feet of drivage to 
six feet of shafts, and fifteen and a half feet to six feet sm^L in 
winzes. Had the levels been regularly driven fifteen &thoms apart> 
it would have diminished the total horizontal length about one- 
third, and thus shortened the drivages by 11,883 fathoms, which, 
valued at £5 10s. per fathom, would involve a hypothetical saving 
of £65,356, due exclusively to the extension oi distance between 
the levels. 

By these remarks it is not intended to intimate that this large 
sum was lost to the proprietors, or that it would have been ja* 
dicious to place all the levels fifteen fathoms apart ; but rather to 
invite the attention of mining agents to a consideration of this 
subject, and to convey to them an idea of the saving of expense, 
which, under certain circumstances, might be effected under thi* 
head. 

The average cost of sinking shafts, driving levels and cross-cuts, 
stoping, sinking winzes, putting up rises, &c., yaries very con- 
siderably, as will be seen by reference to the following statistics:— 





1 
Fnce per Fathom. 


Sinking 
Shafts. 


Stoping. 


DriviMf on 
Lode. 


Bising. 


1 

Cr088-CUt8. 

1 


Wales, 
Lisbume (Logy las)... 
(Frongoch). 

Cwraystwyth 

Cefh Cwm Brwyno... 
£kist Darren 


£ 8. d. 

4 12 

Engine Shafts. 

11 1 6 


£ 8. d. 
2 7 6 

1 18 6 
4 5 8 

2 13 5 
2 14 9 

2 2 


£ 8. d. 

5 17 8 

6 9 9 
6 ]9 5 
6 17 1 
6 15 9 

5 2 11 

6 8 6 
2 4 


£ 8. d. 

6 18 3 

6 14 11 

7 2 11 

6 5 

7 11 2 

4 

5 13 8 
1 14 6 


£ 8. d.' 

5 13 4 

6 13 10 1 
9 5 9, 
6 
6 8 10! 
5 19 7| 

4 4 ll! 

2 10 6 


Goginan 

Cornwall. 
Polberro 

France. 
Pontgibaud 



Winding Engines. — Considerable economy has been effected 
in the haulage of stuff by the substitution of steam for horse 
power. The machinery employed in Cornwall for this purpose is 
usually more expensive in first cost than that used in collieries ; 
whilst the speed of the rope is not only slower, but the weight 
iifted at a draught ia on tiie 'S7\iolQixi\xck\fii%^. The monthly engine 
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reports of Mr. Browne, show that for the year 1856, twelve engines 
raised 35,833 kibbles from a mean depth of 139 fathoms, or 15*8 
kibbles, weighing together 17,459 pounds, by the consumption of 
one hundredweight of coals, and that the average duty of the 
machines amounted to 15 • 6 millions of pounds, raised one foot 
high by the combustion of the foregoing quantity of fuel. 

Most of the Cornish winding engines have been designed with a 
view of economizing fuel ; but it may be doubted whether the 
engineer on the whole thus succeeds in effecting a pecuniary 
saving; since it must be recollected that an economy of fuel, 
extending over a considerable period, will be required to set off the 
difference of first cost and the resulting interest on outlay. 

A machine of this kind should be characterised by cheapness of 
construction, durability, simplicity of action, and facility for the 
regulation of speeds. Horizontal cages are often preferable to 
vertical ones, and many colliery managers prefer winding directly 
from the fly-wheel shaft, instead of placing the rope on a drum set 
in motion by toothed gearing. When the former is done, a steam 
drag is occasionally connected with the fly-wheel, which the engine- 
driver brings into operation as may be required. 

The difference of expense between steam and horse whims has 
been estimated by Mr. Carne to exceed 50 per cent, in favour of 
the former ; but this is certainly less than the true result. 

It has been, as before stated, found highly advantageous to run 
the kibble in guides fixed vertically in the shaft. This apparatus 
was formerly constructed entirely of wood, but, of late years, wire 
ropes have been successfully employed. The cost of rope guides 
is comparatively light, and is soon recovered in the decreased ex- 
pense required to maintain the shaft in repair, whilst the system of 
guiding the progress of the kibble allows of more rapid and steady 
haulage. 

In the following table will be found particulars of a few of the 
winding engines employed in North Wales, as well as some figures 
applicable to the machines of Cornwall : — 
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' FoppBT Hea.ds jlns Fdllies.— The height of this apparatuB 
above the collar of the shaft ehould be proportioDed to the speed 
it is intended to employ in winding ; so that sufficient time may be 
allowed for arresting the kibble without causing an injurious strain 
on the rope. At the Vron Colliery the poppet heads are forty- 
eight feet high, fitted with a drawing pulley ten feet in diameter. 

These large pullies are sometimes constructed with a. central 
boss and a rim of cast iron, connected by means of light wrought 
iron bars, introduced by placing them into the casting-mould and 
running the metal upon them. A lai^ pulley ia obviously ad- 
vantageous, both as preventing friction and also as effecting 
considerable economy in the wear and tear of the rope employed. 

Chains and Wise Eopis.— These are important auxiliaries in 
theprosecution of mining operations. 

within certain limits the strength of chains may be estimated 
in proportion to the squares of the diameters of the iron of which 
they are constructed ; and the same may be said of ropes, which 
nre calculated in the ratio of the squares of their circumferences. 
This is the general rule ; but when they are either very large or 
very small, neither the quality nor the workmanship can be well 
relied on. 

The following table exhibits the relative weights and strengths 
of ropes and chains : — 
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8' 
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1 
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4 

5 
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H 

31 
2 
ii 
7 
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10 

11 

12 
13 
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23 
2S 
30i 
36 

46 
«81 
56 
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1 

U 

if 


43 
i9 
56 
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10 
11 
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11 

s 

18 

u 
11 

8 
18 
18 



The flat hemp ropes employed in mining are made by placing 
four round ropes aide by side, and then stretching them together 
'by machinery into a flat band. Two of these ropes are twisted or 
laid to the right hand, and two to th6 left, so that the tendency to 
untwist is neutralised. 

Becently viro has been mueh uaed Sx laokui^ tov^^i ^'d^ ^■'^ 
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been found to answer well for working inclined planes, raising 
coal, and many other purposes. 



TABLE SHEWING CIROUMPERENOE OF WIRE HOPES, WEIGHT PEB 


FATHOM, BBEAKING STBENOTH IN TONS, AND WOBKING LOAD IN 


HUNDREDWEIGHTS : — 


Girth in Tnches. 


PoondB weight per 
Fathom. 


Breaking Strain in 
Tons. 


Working Load in 
Cwts. 


1 


1 
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3 
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5 
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9 
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83 


21 
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36 


108 



The following scale shows the sizes, weights, and strength of 
flat wire ropes and of equivalent flat hempen ropes ; — 



Hemp. 


Wire. 


Breaking Strain. 


Working Load. 


Size in in. 


lbs. wt. per flm. 


Size in in. lbs. wt. per fin. 


Tons. 


Cwt 


4x1 


164 


2i X i 


9 


16 


36 


4J X IJ 


20 


24 X 4 


10 


18 


40 


6 X IJ 


24 


2} X i 


124 


224 


60 


6J X If 


26 


3 X „ 


15 


27 


60 


6 X 11 


28 


34 X „ 


18 


32 


72 


7 X 11 


36 


4 X „ 


20 


86 


80 


8J X 2J 


40 


44 X „ 


224 


40 


90 


84 X 2t 


45 


6 X „ 25 


45 


100 



In a letter by Mr. Stephen Eddy, read before the Pol3rteclmic 
Society of Cornwall, October, 1856, it is stated that the diflerence 
between a wire and hemp rope working under similar conditions is 
fully as five to three in favour of the former. — This gentleman abo 
noticed that its weight compared to a chain or dry hempen rope of 
equal strength renders \e«« i^o^et neceaaarY to work it, whilst the 
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difference in wear and tear of pullies and other connections affords 
a considerable economy. 

Teamwats. — ^A great improvement has of late years been 
effected in the faculty of transporting ores underground by the 
introduction of small tramroads and waggons. Some of these roads 
are, however, indifferently constructed, and reqube the expenditure 
of an undue amount of power, which is of course equivalent to a 
proportionate loss of money. In the first place the weight of the 
rail should always be regulated in accordance with the load to be 
passed over it, and secondly it should be evenly laid and well 
secured to the sleepers. A simple plan of connecting the rails by 
means of lapping pieces might be beneficially adopted. The extra 
cost of this arrangement would be trifling, whilst the resulting 
economy would quickly compensate it. 

Candles and Lamps. — The consumption of candles in our 
British mines forms a large item in the general expenditure. 
For continuous working this cost may be regarded as about fifty 
shillings per man per annum. The difference between the expense 
of maintaining a lamp, as on the continent, yielding a superior 
light to that of candles, amounts to twenty-five shillings per man 
per annum, in favour of the lamp. In Germany and France 
lamps are almost universally employed, and Comishmen, when once 
accustomed to them, are indisposed to relinquish the lamp for 
candles. During the years 1856 and 1857 six mines in Cardiganshire, 
and one in Cornwall, consumed 161,575 Bbs. of <5andles, which at 
sixpence per pound amounts to £4,040. If lamps had been substi- 
tuted, this cost would have been reduced to £2,020, and 50 per cent, 
on this article saved by the several undertakings. The economy to 
be effected on the item of candles is somewhat analogous to that 
realized by the employment of cast steel for ordinary steel-pointed 
borers. 

Man Machines. — ^A special apparatus for conveying the miner 
to and from the bottom of the mine, has been long employed in 
the Harz. About the year 1844 it was introduced at the IJnited 
Mines in Cornwall. In 1845, the late Captain "W". Francis reported, 
that, setting off the cost of working the engine against the half- 
hour per day saved to 450 men and 50 boys, there was a clear gain 
of £800 per annum by this machine, which in three years would 
remy its cost. 

Water in Mines. — The relation which the quantity of water 
in various mines bears to the rain falling on the surface, as well as 
the depth of the workings and the nature of the rock in which they 
are situated, is a subject which has received considerable attention 
from Mr. W. J. Henwood of Penzance, and is fully noticed itl Vj^v^ 
elaborate work on metalliferoua veina. l?«x\i\cxi^aak q?1 "^^^ ^^o^^^^i^- 
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tional quantity of water pumped out of mines situated in granite and 
in clay slate are also given in Messrs. Lean's historical statement of 
the improvements in the Cornish steam-engine. These gentlemen 
selected forty mines, heginning with those nearest the Land's End, 
and extending eastward from that point. The investigations ex- 
tended over a period of five years, and from them it was ascertained 
that the maximum quantity of water drawn amounted to 20,000 
gallons per minute, and the minimum to aboat one half this 
amount. 

Mines in slate yield about four times as much water as tbose 
situated in granite, and greenstone is less porous than most 
varieties of the slate series. 

The average cost of pumping water in the Cornish mines from 
a mean depth of 100 fathoms is about 1-^^ of a penny per 1,000 
gallons. This sum includes coal, enginemen'sand pitmen's wages, 
and sundries, but does not comprehend any charge for wear or 
redemption of machinery. 

Vbktilation op MiWes. — ^The ventilation of metallic mines is 
a subject of great importance to the miner and also of no small 
moment to the adventurer. 

Bad air not only rapidly destroys health, but also diminishes to 

a serious extent the amount of effective labour which in a good 

atmosphere could be obtained from the workmen. Metalliferous 

mines are usually better ventilated than collieries : yet there are 

frequent instances where an improvement in this respect would 

be desirable. The scientific prmciples of mine ventilation were 

determined in 1764 by Jars ; and, in 1760, Spedding of Newcastle 

first succeeded in carrying air in a single current to any required 

part of the workings. In 1813 Mr. Buddie improved the system 

of ventilation then emploved, by providing several channels for 

the air, instead of passing it through a single course. In collieries 

it is usual to establish furnaces at the bottom of the up-cast shaft, 

so as to rarefy the air within it. In this way cold air of greata 

weight descends the downcast shaft, whence it is diverted in 

divided currents throughout the workings. 

Within the last three years, Mr. Low, of Lloft Wen, near 
Wrexham, has invented an apparatus, composed of a series of 
small tubes fixed vertically around the pit at any convenient depth, 
and heated by steam drawn from the engine boiler. The introduc- 
tion of steam within the tubes heats them to about 212° Fah., 
and the radiation of heat firom their outer surfaces causes a con- 
siderable rarefaction of the air in the shaft, and thus ventilates the 
colliery. This plan has been proved thoroughly efficient, and con- 
sequently deserves to be generally introduced, especially as it effects 
a great saving in fuel, an&,%com\\.^ ^<3vfiAXL^%\^ ^^^wduice Ac*, 
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is considered to repay its cost in eighteen months from the time 
of its being put into operation. 

In mines where no mechanical appliances are employed for ven- 
tilating the workings, care should be taken to keep the levels well 
open, and any leakage of air into old workings should be carefully 
avoided. Care should also be taken to convey it from one level to 
another, and thence to the various working positions, without 
subjecting it to useless diminution. It may be remarked as a rule, 
that it is not well to allow its velocity to exceed five feet, or to fall 
short of one half-foot, per second. 

The machinery hitherto in use for ventilation consists of 
bellows, fans, and dueh machines. The last-named apparatus, which 
acts by exhaustion, was invented by Mr. Taylor, and first employed 
by him in constructing a tunnel near Tavistock, in the early part 
of this century. Its principle has since been patented by Mr. 
Struv6, who nas successfully applied it to the ventilation of 
collieries. 

The progressive temperature in deep mines is a subject which has 
received great attention, and upon which opinions are still divided. 

The experiments of Mr. W. J. Henwood go to show that the 
temperature of rocks increases in depth in a tolerably uniform 
ratio, and that a difference generally exists between the tempe- 
ratures of slate and granite. 

The results of some of Mr. Henwood' s experiments on this 
subject are given in the following table. 



Depth in fathoms of place of 
observation. 


Temperature in Fah. degrees. 


In slate. 


In granite. 


Surface to 60 fathoms 


56°4 
61-9 
68-1 
79-1 


52°6 

67-6 

65-0 


50 to 100 fathoms 


100 to 150 

160 to 200 


200 and uDwards 


89-4 761 




Meanis . r r - - - , 


68°8 


60°3 





The next table exhibits the number of fathoms of descent neces- 
sary to produce an elevation of one degree, the normal temperature 
at surface being taken at 50^ Fah. 



IB.^ 
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Depth. 


j 


1 


1 


j 


1 


1 




1 


1 


(hu- 


fin.. 


taa. 


to,. 


*" 


ftn. 


tot 


^. 


tai. 


Surfaca to 50 Eithoma-.. 
BO to 100 


es 

9'1 
3-3 


5-0 
7-1 
8-3 
it 

SB 


6-e 

S'l 
a'7 

3-r 


S-2 
B-0 

i-9 
3.9 


8 
S 
7 
6 



3 


8-6 

7-3 

8'5 


fl-6 
6-4 
10-5 


4-8 
8-6 
80 

6-e 


H 
It 

t-i 




' 


S-1 — 






"~ 


S-6 


e-a 


6-7 


8>8 


6-7 


7'S 6-6 


e-i 


eg 



The average duratioD, •ftc., of life atnoDg workmen employed ia 
rarious descriptions of mmes, ie as follows: — 



OocopaUon. 


AUigH. 


™T.l, 


'-;Sr' 


""-"■I 




1,000 
1,000 
1,000 
1,000 
1,000 


11-2 
194 
12-9 

11-a 

10-6 


39-7 
38-8 
42B 
88-9 
882 


28-5 ; 

2»-8 I 
27-3 1 
27-8 








S^;: 





GENERAL MANAGEMENT. 

Tbe mines of Great Britain are cbieflj worked at the risk of 
private indiriduals associated in companiea. A set of adventuren 
can adopt such a system of management aa may appear to them 
most desirable ; but under the cost-book arrangement a captain ii 
generally appointed in addition to the purser. In large under- 
takings sab-captains are also appointed, who follow the orders of 
the superior agent. This important class of officers is usuall; 
selected from among the more intelligent of the workmen. Their 
duty is, iti conjunction with the chief agent, to direct the Tarious 
surface and underground works. Since this 'distinction of rank ii 
constantly kept up, it is usual for each agent to take charge of 
some specific department, and thus the subordinates are atimuUted 
BO to distinguiah themeeVyea w to Q^AlWa.\a;g[l&T -YnA.*Anna ; whilit 
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the superior agent, having a great weight of responsibility, is 
induced to be exceedingly careful in selecting good men as his 
assistants. A clerk and storekeeper is often included in the 
raining staff. The duty of the former is to enter all cost as fur- 
nished by the captains in the several books, and to prepare the 
accounts for the monthly pay ; whilst the latter takes cognizance 
of all stores and materials purchased, and supplies therefrom the 
various exigencies of the mine. This arrangement of officers is 
found to work satisfactorily, and causes no undue delay in the 
various details, whilst it insures to the undertaking the best service 
and attention of each individual. 

All well-conducted mines are organized under a code of rules 
mutually binding between the agents and workmen. These rules 
necessarily vary with local peculiarities ; but the following form 
may be accepted as generally applicable to the mining systems of 
Cornwall and Devon : — 

GENEBAL BTJLES. 

There will be held, in these mines, one^ setting day in each 
month, and all men employed shall be subject to the following 
rules : — 

1. Every man who takes a bargain will be required ta work it 
regularly, that is to say, each man shall work eight hours every 
day in his respective bargain, and not leave his place of work until 
he be relieved by his comrades ; and every man who neglects > 
refuses to relieve his comrades in his place of work, at the time 
required, shall be fined 2«. Qd., and, should he repeat the offence, 
will be liable to be excluded these mines. 

2. That one man from each bargain shall attend at the counting- 
house, at or before seven o'clock on each Monday morning through 
the taking, to obtain such materials as may be wanted for the en- 
suing week, (excepting powder, which will be delivered on Monday 
and Thursday mornings,) and no materials will be delivered at 
any other time. 

3. That all levels must be carried seven feet high by four feet 
wide, and be properly secured where timber may be required. 

4. All men working on ore shall work their ground in a proper 
manner, agreeably to the agents' directions, and leave open every 
part of the ground, on the direction of the vein, for examination 
before the setting day. Should the agents discover, after setting 
day, that any ground was concealed, the taker will no longer have 
any claim to his bargain, and the taker and his partners shall be 
excluded these mines for six months for the first offence : for the* 
second, to be excluded the mines for ever, and forfeit all ores^ 
sold or unsold, to the proprietorck 
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5. Every man taking a bargain shall, if required, produce his M 
number of men at the time of setting, or the bargain shall be 
put up again. 

6. Every pair taking a bargam, whether on tatwodk or tribute, 
provided the tribute be less than 10s. in 20«., shall be obliged to 
work the bargain regularly the whole taking ; or, should they 
think proper to give up their bargain, shall forfeit XOs. 6J. each 
man, and all work done in the said bargain. 

7. Any man coming into the mine in a state of intoxication shall 
forfeit five shillings. 

8. Any tributer or tributers known to adventure in any other 
pitch but his or their own in these mines, he or thej shall forfeit 
all ores in such pitches as he or they may be concerned in. 

9. Every person having a new barrow to pay IQg. for it. Anj 
barrow requiring repairs will be repaired at the expense of the 
mines. The barrows may be delivered up at the end of each 
bargain, and allowed for at the agents' discretion. 

10. If any man be known to take ore from another person, he will 
be excluded the mines, and shall forfeit to the proprietors of these 
mines all ores and property due to him at the time of detection. 

11. Every taker is required to clear his bargain of ore and deads 
at the end of every taking. Should he neglect or refuse to do so, 
to the injury of the mines, he will be fined in proportion to the 
damage done. 

12. Any man known to take timber, of any description, to cairj 
to his house for fuel or otherwise, will be prosecuted as the law 
directs ; and should the wife or children of a workman take 
timber as before-mentioned, the man will be excluded the mines, 
as though he had done it himself. 

13. Any man using uncivil language to any one of the agents, 
will be immediately discharged. 

14. All bargains, at the time of setting, will be open to free 
competition. 

15. Any man known to work any other bargain who has, at the 
same time, a bargain in these mines, will be fined 5«., and, should 
he afterwards persist in working the same, will be excluded these 
mines for three months, and forfeit such part of the work done 
as the agents may think reasonable. 

16. Every man employed in these mines is required to attend 
to work the capstan when wanted, or will be fined 2s. 6d. for such 
neglect. 

17. Any man that may have stuff in a wagon or barrow road, 
to the inconvenience of others, will be required to draw it, when 
directed by the agents, or be liable to a fine, at the agents' discretion, 
provided the amount does not exceed IQs. 
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18. All fines will be dulj kept in a box, and distributed amongst 
those who may meet vith accidents, or to the widows and chUdraa 
of men who have been employed in the mines. 

TuTWOftK. — The principle inTolred in both tutworlt and tribute 
operations renders. the remuneration of the miner dependent on 
Lis personal industiy and intelligence. Each tutwork bar^n is 
worked by a given number of men, at a stated price per Kneal or 
cubic fathom, and, in dry situations, where tbe ventilation is good, 
the period of labour is usually eight hours, and six men constitute 
a company ; in wet places, on the contrary, the number is often 
augmented to eight, each set of two making a shift of six hours. 

A setting book, recording each contract, should be regularly 
kept, and such bargains as continue in work must be brought 
forward monthly, against each of these the measurement and vtdue 
of work performed should be placed, and from such data an epitome 
of each respective account passed into the ledger. On tbe debit 
side, the materials used by the men must, of course, be entered. 
The tutwork ledger will thus afford a view of the net charge made 
by each working company, and serve at the same time as a copy of 
their pay bill. 

The following form of setting and measurement book combined 
may be advantageously employed: — 



TnrwoBK SKmmiB Asn Meabueehkn ts op BisOArNs 


OE Jens 


18ET. 1 






Dots of 










Date or 










£, 




a^ttmB 


TTioa. Joaes, 8 men, 


Julys 


fin. (Lvt. 
Meaaared B 2 








June 4. 








Deduct. .. 8 1 










£\i 10a. per fm. 




-Cm. 










Sruith'fl BlmfC, to dnk 




3 1 3 


(3*12 5 


^S 


Ifi 




undw the 10 fin. level. 














t« be carried 8 ft. wide 







1 „ 12 








brlOR,IoDg,tobewBU 














timbered, takers to pay 
for labourani, niateriala, 




Changing Buokets. 







10 






anddrawingstuff, SfinB. 














or until setting day oa 






/ 








the 2nd Jiily next. 
[0"pti«n-B price.) 

£12, Set at £12 5s. 












per tm. 

Tboa, Jones. 




/ 










N. Smith. 














W. M. Jamea. 




/ 










Peter Ellis, fcc. 




/ 








Juno26 


Set 1 fm. @ i;i2 per 
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Sot to change hucketa 
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per bargain® 10a. 


\ Polio (,ol TmI'moi's 
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\ Wger-l aw . 
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Tbibute consists of a pro rata payment for raising and dresnng 
ores, or payment to the miner of a certain agreed proportion of tbeir 
value, when rendered merchantable. This system may be considered 
as almost essential to the full development of an extensive unde^ 
taking ; since it establishes, without cost to the. ad venturers, a series 
of experimental researches in untried ground ; it also identifies tbe 
interest of the workmen with that of the emplojers, and is one of 
the most economical features introduced into mining. The tributer 
undertakes to excavate the ore, raise it to the surfacey and to render 
it fit for market, at a given proportion of its value, ranging from k 
to 13s. in the pound, according to the richness of the vein, hardness 
of rock, and the position in which he operates. It is customarr 
for these men to pay the proprietors for every article used in theff 
work, also for the use of machines for hauling their stuff to surface, 
and conveying it to the dressing-floors, where thej have either to 
prepare it themselves or employ labourers for that purpose. The 
payments thus made cause them to keep a strict watch on all ex- 
pense incurred by others on their account, and hence they are not 
only stimulated to eflect a saving of labour-oost in their opera* 
tions, but also to introduce such mechanical improvements as will 
enable them to manipulate their ores at the cheapest possible 
rate. 

Since the tributer thus becomes a speculator, his success in a 
great measure depends upon the correctness of his judgment ; it 
is, consequently, his interest to make himself fully acquainted with 
all matters appertaining to mineral lodes, and to understand the 
slightest indications of the vicinity of a deposit of ore. 

The earnings of tributers are necessarily very variable. A pitch 
is frequently poor when taken, and after being a little worked, may 
greatly irrvprove, and in this case the tributer gets his money 
rapidly. It may however happen, on the other hand^ that the vein 
becomes impoverished in proportion as the work advances, and a loss 
to the workmen is not unfrequently the result. Anj fortunate 
discovery which a set of tributers may make ought to be regarded 
rather as a general benefit to an undertaking than the contrary, 
since, in addition to its intrinsic value, it is found to encourage 
more eager competition amongst the men in the neighbourhood, 
and to incite them to experimentalize in places which might other- 
wise be overlooked. 

All tribute pitches should be entered inta a special book ; tbe 
boundaries limiting the operations of the men must also be distinctly 
described, and any particular reservations in the contract between 
the agent and men clearly understood. 

Both tutwork and tribute men should be charged with all costs 
of materials consumed in their several operations ; their tools 
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weighed to them on delivery, and any loss of weight charged on 
their being returned. A tariff is usually established for sharpening 
borers and picks, <&c., and the expense incurred in smith's labour de- 
ducted from the gains. This system tends to great economy, when 
vigorously carried out, and materially influences the success of 
mining adventures. 

Statistics or Cost akd Eettjbns. — The relative proportion 
which one item of expenditure bears to that of another in the cost 
of any mine must necessarily be contingent on local circumstances, 
and the system employed for developing the works. 

In Wales and Cornwall considerable uniformity prevails in the 
principles of conducting mining operations. Both tutwork and 
tribute are considered more or less essential to the effective pro- 
gress of large undertakings, and hence a common character in the 
items of expenditure is the result. 

No statistics on this subject can, however, afford strictly 
parallel results ; since, in addition to the difference which occurs, 
both in local circumstances and the systems of working, the judg- 
ment of one individual will differ from that of another, and this of 
itself must produce a variation of figures. The table, page 250, 
should, therefore, rather be considered valuable in its details than 
as a whole, since inferences can only be made in proportion as 
intimate relations are discovered. 

It will be observed that the greatest difference in results appears 
in the items of tutwork and tribute. These operations include all 
underground excavations, hence if the sums of each are added 
together the proportionate cost of this important section of labour 
will be shewn. 





Tutwork. 


Tribute. 


Total. 


Tin 


11-2 ^ Ct. 
28-5 ,. 
45-0 „ 
27-4 ,. 


31-5 ^ Ct 
22-4 „ 
1-5 „ 
17-6 „ 


42-7 ^ Ct. 
60-9 ,. 
46-5 „ 
46-0 „ 


CoDper 


Lead 

do 




Means 


28*0 ^ Ct. 


18-0 ^ Ct. 


46-0 ^ Ct. 







The uniformity of these mean results is further supported by 
those inserted in the statistics of the sixteen mines, page 251, 
where the tutwork averages 28*8, and the tribute 17-3 per cent, 
furnishing together a total of 46*1 per cent. 
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In addition to the foregoing, the cost and returns for the year 
1855, of sixteen mines, viz., two tin, seven lead, and seven copper 
mines, on being tabulated, have been found to afford the following 
mean results. 

Cost equal. 100. 

Agents' salaries 6'7 

Tutwork 28-8 

Surface work 4*4 

Carpenters, masons, smiths, &c . . . 3*8 

Carriage and horsework 3*9 

Materials 19-8 

Engine or water cost 3*8 

Expenses on ores 8*0 

Tribute 17-3 

Sundries 4*5 

Club -6 

100-6 
Less Eeceipts -6 = 100 



The total value of the produce sold amounted to £132,190, the 
sum paid in dues was £9,814, or equal to 7*4 per cent., whilst the 
cost was onlj £267 less than the returns. The whole of these 
mines were under one management, and distributed throughout 
England and Wales. 

A judicious division of the total cost of a mine into the foregoing, 
or any other number of heads, and the reduction of the same to 
per-centage ratios, will often expose prejudicial features in the 
expenditure, which might otherwise escape attention. This system 
will also frequently be found advantageous in determining the 
amount of reduction that can be safely made in one or a number 
of items, in order to insure more satisfactory results for the 
undertaking. 

Matebiaxs. — The relative proportion of stores and materials to 
the total cost will, in British mines, average from 15 to 20 per cent. 
This is one of the chief items of expenditure, and demands the 
most rigid and careful attention. In all cases, the supplies should 
be applicable to the uses of the mine, and not, as m too many 
instances, purchased in order to satisfy interested motives. JSTo 
agent ought ever to accept a commission on the goods purchased, 
since, in that case, he must obviously be compelled to receive 
inferior articles without having the power of remonstrating. The 
difference between sound and unsound stores will necessarily 
amount to a serious item. The sums ^odd &x tsi^^tv^^ V^ ^^^ 
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mines in Cardiganshire, during the year 1856, amounted to £10,137 
9*. Id, on a total cost of £60,033 17*. 7d,, or say 17 per cent. Had 
the agents accepted a commission on each fkrticle purchased, it 
could scarcely have been less than 2 J per cent., which would have 
amounted to the sum of £1,500, or 13 J per cent, of the profits, 
which were £11,300. 

The following statistics will show the quantities of materials 
consumed by six lead mines in Cardiganshire during the year 
1856 :— 

Candles 69,690 Bbs. 

Powder 85,441 „ 

Fuze 18,350 coils 

Hilts 2,545 

Shovels 1,072 

Powder-Cans 248 

Oil 1,182 gaJls. 

Steel 30 cwts. 

Bar Iron 513 „ 

Borer iron 400 

Nails 78 

Coals *10,88O 

Borer-steel 102 



99 
99 



In Cornwall, where pumping machinery is largely used, various 
other miscellaneous and expensive articles enter into the con- 
sumption. 

Lord's Dues. — On making application to the proprietor of a 
mineral property for permission to explore it, some definite idea 
should he entertained of the amount of royalty to be paid. 

Of late years the proprietors of mineral lands have been disposed 
so to lessen the rate of dues as to encourage mining operations, 
but in no district has this reduction been more general than in 
Cornwall. 

Within the last eighty years the dish or dues on ores raised in 
Cornwall has been reduced from one-sixth to one-twentieth, and 
even to one-thirtieth, but the average rate may be regarded as 
ranging from one-sixteenth to one-eighteenth. 

Considering the pecuniary risk incurred in exploring mineral 
properties, the contingencies to which they are liable, the usually 
short duration of profits, and the quiescent and secure position of 
the lessor, even one-eighteenth is a high rate. Many mines 
worked at a heavy outlay have been abandoned because the returns 
scarcely equalled the costs after making payment of the dues, 
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whereas had the rate of dues been lower, the means of the pro- 

Srietary would not have been exhausted, whilst the margin of 
ifference would have been available for more extended trials, which 
might have established large and permanent undertakings. 



Statement op Rate op Pbopit per cent, on Becbifts, and Pbopoetion 

OP Dues on Peopit. 



o g 



Consolidated Mines 
Wlieal Friendship . . 

Ditto 

Lisbume Mines . . . . 

East Crinnis 

Carn Brea 

So. Tolgus ......... 



20 
7 

62 
6 

11 

17 
3 



Amount of 
Receipts. 



£ 

2,099,491 

148,854 

1,167,909 

178,257 

352,155 

1,039,312 

38,217 



Amount 
of Cost. 



£ 
1,611,340 
112,251 
778,335 
110.394 
254,442 
790,562 
22,817 



0,£ 

1^ 



1/24 
1/12 

1/10 

1/24 
1/15 



< o 



Profit. 












£ 
87,453 
12.213 
98,810 
16,110 
33,000 
45,406 
2,548 



£ 
488,161 

36.103 
389,574 

62.863 

97,713 
248,7^0 

16,400 



Per et. 

23-26 

24-33 

33-36 

36-28 

27-74 

23-93 

40*29 



Per et. 
17-91 
33-83 
25-86 
25-62 
33-75 
18-25 
16-64 



Mean rate of profit on receipts 26*6 per cent. 

Ditto duesonprofit 22-0 ditto 



Abtizai^s. — In some mines it is found judicious to set the car- 
pentry and smithwork at a given price per month, the proprietors 
providing shops and materials. This system deserves recommen- 
dation where the labour is reduced to mere routine; but is 
scarcely practicable when a mine is forming its plant, and esta- 
blishing permanent works. 

Sharpening, repairing, and making the workmen's tools may, 
however, be made the subject of a contract, and a benefit be ob- 
tained both by the proprietors and contractor. It should be the 
duty of the chief carpenter to keep an account of wheelbarrows 
made and delivered to the men, as well as other articles which may 
be rated as stores, and either to transfer a list of the same to the 
storekeeper, in order that he may demand their return, or other- 
wise to be held himself responsible. The smith should likewise 
make accurate entries of all tools taken by the miners, charging 
them with the weight and value, and causing them to pay for all 
waste or loss. 

Tramming, Kibble-Eilliitg, &c. — These operations should in 
all cases be performed by bargain- work, and set either at a given 
price per fathom of ground excavated, or according to the quantity 
of stu^ delivered at the required points. 

The men to pay for candles, oil, and other materials, ia order to 
induce economy. In some mines the quantity of stuff wagoned 
and drawn is enormous. At the Lisburne Mines, in Cardv^'CL- 
shire, it amounted in 1855 to 100,725 ld\AA^^ «isA ^\.'^<ei^O^'s«L^ 
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Mines, ComwaU, 174,831 kibbles were hauled diuing the cones- 
ponding period. 

When large and regular quantities of stuff have to be brooght 
to surface, it will be found cheapest to employ a steam-engine, 
even though it be of the high-pressure construction. Sorse-draw- 
ing is slow, uncertain, and consequently expensive. 

Plans. — Nothing can contribute more to the success of an un- 
dertaking than well-arranged and correct plans of the workings. 
For practical purposes the scale ought not to exceed Rye fathoms 
to the inch. A plan with sections should be formed mutu- 
ally relating to each other, and subject to the same explanations. 
The plan should embrace two distinct maps, the first of the 
surface, and the second of the horizontal workings : the latter must 
be accompanied by vertical sections. 

Upon the surface plan should be marked the situation and di- 
rection of the lodes, their underlies indicated by small arrows and 
such surface objects introduced as may show the relative position 
and bearing of the whole. The horizontal map must represent 
the direction of the levels upon the various lodes, with the cross- 
cuts, winzes, rises, position of shafts, slides, and transverse channels 
of ground, each to be shown by a distinctive colour, answering' 
to a similar tint employed in the longitudinal and other sections." 

The sections must include all shafts, drivages, and sinks or rises, 
as well as the ground excavated. The latter may be represented 
by a tint approximating to the colour of the ore. Connected witii 
the maps there ought to be a description of the sett, an account 
of its limits, and of the various strata it contains ; there should 
also be some record kept of the intersections, heaves, slides and 
other peculiarities of the different lodes. 

To prevent error in the operations these plans must be con- 
stantly kept up ; and, in order to withstand we» and tear should 
be drawn on paper backed with canvas. 

Statistics or Coppee Obb. — The following tables show the 
quantity and value of copper ores sold by various mines, from the 
year 1814 to end of 1856, or during a period of forty-two years. 

The first division embraces the ores sold in Cornwall, and the 
second those disposed of at Swansea. On careful examination it 
will be found that the same mine sometimes occurs in both lists, 
as in the case of Holmbush ; it will therefore be well not to examine 
one list only without consulting the other. It also happens 
that the same mine occasionally appears under a new name, con- 
sequent on being re-worked, or some other circumstance. Cases 
of this kind will be readily recognised by those conversant with 
mining; it has not been t\iovx^\i Yx^^swcfvvskXx^ ^Ttttct eitber of the 
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foregoing points, since to do so would destroy the expression of the 
various ticketing papers. 

It will be observed that the period of making returns of ore is 
appended to each mine, as well as the number of tons of copper 
yielded by the ore. Prom the latter the average produce and 
standard may be readily ascertained. Thus to find the average 
produce and standard oi Abraham, Oatfield, and Crenver ores: — 

1st. As 85,851 : 6,061 : : 100 = 7 per cent. 

2^^ 85.851 X £2 15. = £2 36,090 + ^477,198 ^^^^^ ^^^ ^ 

The rule for finding the standard may be expressed thus: — 
Multiply the number of tons of ore by the returning charges, viz., 
£2 15*. per ton ; to this sum add the value realized for the ore, 
and divide by the nimiber of tons of fine copper : the quotient is 
the average standard price. 
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COPPEE OBE STATISTICS. 



OKES SOLD IN COKNWALL BY PUBLIC TICKETING, &C. 

FROM THE YEAR 1814 TO THE END OF 1866, 

or during a period of fortt-two tears. 
(first division.) 



Name of Mine. 



Abraliam, Oatfield and Crenver 

Wheal 

Abraham, Wheal 

Agar, Wheal 

Agnes Consols, St 

Alfred, Wheal 

Alfred, Great Wheal 

Alfred Consols, Wheal 

Alfred Consols, West 

Alfred East, Wheal 

Alfred West, Wheal 

Alice, WheaJ 

Andrew & Bosca wen, Wheal St. 

Andrew and Nanjiles, St 

Ann, Wheal 

Anna, Wheal 

Arthur, Wheal 

Aubins^nd Grylls, St 

(Austell Consols, St 

Bank, Wheal 

Barton 

Bassett, Wheal 

Bassett, East Wheal 

Bassett, North Wheal 

Bassett, Old Wheal 

Bassett^ South Wheal 

Bassett, West Wheal 

Bazeley's Ore 

Bedford, United 

Bedford Consols, South 



Period of 
Making Returns. 



from 



to 



Tons of 
Ore. 



\ 



1816 

1847 

• • • 

1816 
1862 
1846 
1861 
1819 
1816 

1831 
1846 

1844 
1852 
1860 



1823 
1816 
1826 
1846 
1864 
1826 
1862 
1888 
1844 
1864 



1827 
1864 
1866 
1846 
1831 
1866 
1866 
1866 
1823 
1864 
1846 
1846 
1848 
1816 
1866 
1866 
1866 
1846 

1819 
1826 
1833 
1826 
1866 
1866 
1866 
1866 
1842 
1866 
1866 



Tons of 
Copper. 



86,861 

324 

3,022 

527 

15,630 

6,242 

26,241 

3,396 

1,986 

4,321 

164 

6,091 

1,449 

462 

792 

8,601 

664 

76 

34 

103 

17,416 

506 

18,736 

367 

94,649 

22,136 

1,177 

21,039 

1,161 



6.061 

5 

390 

24 

1,180 

348 

2,255 

158 

73 

284 

13 

278 

110 

37 

46 

446 

51 

5 

8 

23 
677 

61 
1,654 

24 
7,200 
1,641 

52 
1,766 

50 



Amount 



477,198 

169 

26,630 

1,491 

100,185 

83,148 

196,671 

13,597 

4,885 

26,528 

1,038 

19,468 

7,477 

2,080 

8,775 

41,908 

4,324 

818 

265 

2,008 
189,104 

5,318 
160.670 

2,499 
614,248 
152,361 

8,680 
188,846 

4,872 



I 

I 



I 



S STATISTICB. 



Bedford, WhBBl 

BoeraJBtons .....,.^... 

Binnar Wood 

Biunar Dovns 

Bodmin United 

Boiling WbUL 

Bolenna 

Bolton, Wheal.... 

Boecasnell Downs 

Boscundle 

BobBlkoi.. 

Bottle Hill 

Brewer, Wheal 

BritiBli Silver Lead 

Buoketts, Wheal 

Buok&atleigh 

Buller, Wheal 

Buller k BeauoLaiap, Sth.Wil. 

Buller, North Wheal 

Buller, West Wheal 

Bumcoose 

Burrow, Wheal 

BuHj-, Wheal 

Busy, North Wheal- 

Cabaia 

Callington EiQibray. 

CalBtock 

CaUtock CoDBols 

Camborne CodboIs 

Camborne Vean 

CaradoQ, South 

Caradon, Waet 

Cardrew ......... 

Cam Brea Minea 

Caroline, Wheal... 

Carpenter, Wheal 

Carpenter, Wheal (Gwinear)... 

Carrack Dewa. 

Carthew CodboIb 

Carthew'sOre 

Caatle, Wheal 

Carranoal 

Cecilia, Wheal 

Chaoewatar Mine.'. 

Ditto 

Chanoe, Wheal 



380 


2ri 


2.643 


39,632 


2,35il 


176,236 


B8,6T0 


5,666 


449,556 


66,228 


&.m 


461,782 


17.H3 


1,111 


83.818 


lfil,5fi3 


]2,03fl 


980.970 


S,823 


627 


44.897 


C23 


52 


5.377 


700 


25 


2.18fi 



9,078 
2,249 
2,146 
126,230 
3,696 

196 



COFPKB OBB STATISnOS. 



KuMOmiBC 



Cbuice OODWK Wlie&l . 

Cbulos, Wlu»l 

Cbftrlaatown -^----•- 

ChatlDtte, Wheal 

Cborlolts, £ut Wheal , 
ChippendulD, Wheal .... 

ailTDowu* 

Clifford, Wheol 

(niftoD.miiHl 

Qowonce. Wheal 

Ktto 

ClowMH), West Wheal. 
OI7J11I1 and WentiTorfli . 

Cock, Wheal 

Cook, East Wheal 

Collacombe 

Collaoombe West 

Comfort, Wheal 

Commerce, Wheal 

Condurrow. 

CoBBolidated MIdbb .... 

Oookfl Kitchen 

Copper Bottom 

Copper Hall 

Copper Houfle Ore 

CraddockMoor 

Crwio and Bajaswa 

Crobor, Wlioa! 

Crebor, North Wheal... 

OMc^braHB 

Crenver, SouUi 

<«n™ 

Crinniai East 

Ditto 

Crimiia, Groat 

Crlnnu, South 

CrinniB, Weat 

Crofty, East Wheal 

CroRy, North Wheal.... 
Crolly, South Wheal... 

CmwDdala, Wheal 

Crowodale, East 

Cuddra 

Ditto 

Ciidlips' Ore 

Cortis, Wheal 

DamseJ, Wheal 



16,496 
S8,82a 



1.498 
87,402 

1,484 



OOPPXE 0¥E STA^rlSIIOS. 



Damaol, Sorth Wbeal 

Danwl, Waat 

DarUnRlon, Whoiil 

Day United, St. 

Dovon Bullar 

Devan Great CdtisolB 

3a and ComnoU United .. 

DoTon and Courtney 

Dolooiith 

Dolcoath, Sooth 

ns, North 

Druid 

Duffield 

Duke of Cornwall 

Edward, WheaJ 

Elltn, Wheal 

Blan. South Wheal 

Eiilaboth, East Whaal 

Elizabeth, West Whesi 

Emma I Wheal 

Falmouth, Wheal 

Falmouth, East Wheal 

nny-Wheal.. 

ock(BegulUB} 

Fortune &o., Wheal 

Fortune, Great Wheal 

Fortune, South Wheal 

jrtuno. West WhoaJ 

nwey Consols --- -■' 

Fowey ConaoLi, West 

Franci». South WhoaJ 

Franda's Oto 

Franco.Wheal 

Fdendlj Mines . 



Fdendehip, 
Friendship, 
JVieodahip, 
Friendship, 
Friaiidahip, 



(Devon) ... 
.Wheal (St Hillary) 

BiBtWhsEa 

South Wheal 

West Whoa] 



Goorgo the Fourth.... 

George, East Wheal . 
Georgo, Great St. ..... 

Garry, Wheal 













■'&"' 


5^1 






from 


to 






1862 


1864 






WS'i 


1H.W 


B,3&2 


378 


IfKJi 


1845 




1,102 


iBsa 


1858 


B,728 


653 


]8fi6 


186S 




10 


IBifi 


1866 


230,296 


18,862 


1S5S 


1866 


1,020 




1862 


1866 


683 




183G 


1866 


241,522 


17,478 


1S2P 


1831 






1816 


1866 


19,S48 


l.BOO 


ISlfi 


iflin 


176 


22 


]RRa 


18*1 




367 




1866 


i.jea 


88 


1821 


1866 


B61 


100 


1826 


1664 


ao.026 


1.366 




1866 


537 


32 




1831 


81 


7 


1S29 


1888 


4,040 


378 




1858 


306 


20 


I82B 


1833 
1830 


1,808 
47 


87 
3 


1816 


1826 


7,8nH 




1863 


1836 


164 


18 


1821 


1862 


62,792 




185fi 


1868 


B3 


12 


1847 


1860 


850 


86 


1816 


1828 


6,21T 


684 


1823 


1S5B 


277,778 


21,977 


184+ 


I8M 


4.162 


370 


1844 


186fl 


33,622 


3,252 


1641 


1S43 


708 


38 


1826 


1866 


8,819 


618 


1823 


1825 


160 


16 




1865 


101,306 


11,538 






11,138 


811 


1846 


1866 
1824 


14,277 


1,562 




1866 




e 


less 


1824 


102 


6 


1863 


1856 


443 




1816 


1840 


73,706 


4,909 


1824 


1826 


187 






1826 


31 


1 


1816 


1846 


e.SI)3 


936 
\ 



1,402,807 
8.S32 
4,886 

1,364,654 



61,344 

1,974 

270,685 

1,161 

5,440 

45,632 

1,609,367 

31,054 

274884 

1,989 

1,18; 
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Name of Mine. 



Period of 
Making Betonif. 



from 



/ 



Godolphin, East 1815 

Gonamena 1848 

Goodluclc, Wheal 

Gorland. Wiieal 1816 

Grambler and St. Aub3m 1843 

Gunnis Lake 1822 

Gurlyn, Wheal 

Guskus, Wheal 1853 

Giistavus Mines 

Gwinear Consols 1847 

Hallamanning and Croft Gothal 1851 

Halebeagle, or Hallenbeagle ... 1835 

Hanson Mines 1846 

Harriett. Wheal 1835 

Harvey's Ore 1819 

Hawk Moor 1852 

Hawk'sPoint 1861 

Hellen, Wheal 

Henry. Wheal 1844 

Herland, Wheal 1816 

Hewas, Great 

Hingston Downs 1860 

Hohnbush 1822 

Hope, Wheal 1824 

Hope, East Wheal 1830 

Hope, West Wheal 

Ives Consols, St 1840 

Jane. Wheal 1847 

Jewel, Wheal 1816 

Jewel, West Wheal 1831 

Jubilee. Wheal 

Julia, Wheal 1836 

Kayle, Wheal 1826 

Keneggy 

Eiggan's Ore 

Kitty, Wheal 1834 

Lady Bertha 1866 

Lamb. Wheal 

Lambo, Wheal,&c 1816 

Lamm 1823 

Lanescot 1821 

Lanivet Consols 1844 

Leeds, Wheal 1837 

Legossick I 1818 i 



to 



1851 
1856 
1826 
1851 
1856 
1827 
1848 
1856 
1853 
1848 

1856 
1846 
1847 
1848 
1846 
1866 
1863 
1854 
1864 
1843 
1821 
1866 
1866 
1832 
1832 
1831 

1856 
1848 
1863 
1862 
1816 
1841 

1846 
1864 
1841 
1866 

1866 
1823 
1824 
1826 
1836 
1848 
1841 
1827 



Tons of 
Ore. 



\ 



96 

1,794 

37 

40,761 

7,281 

531 

118 

947 

89 

511 

12,416 

30,676 

263 

9,030 

7,211 

1,017 

662 

90 

1,734 

18,617 

482 

10,242 

26,669 

6,584 

748 

72 

430 

505 

58,160 

12,578 

186 

5,862 

576 

144 

162 

1,012 

565 

114 

8,932 

360 

63,123 

11,896 

1,796 

366 



Tons of 
Copper. 



Amount 



5 

iro 

2 

3,234 

569 

40 

9 

51 

6 

24 

801 

1,803 

17 

496 

836 

65 

28 

6 

136 

1,991 

28 

772 

2,208 

534 

48 

5 

45 

25 

5,222 

858 
14 

480 

52 

11 

8 

80 

32 

5 

806 

25 

5,182 

304 

127 

27 



£ 
312 
15,489 ; 

... i 

255,470 I 
41,991 ' 

600 
4,672 

577. 
1,346 

76,345 1 
129366; 

1,180 i 
34,820 
20,872 

6,240 

2,149 
621 

9,464 
159.074 

1.854 
75^606 

41,981 
2,956 
372' 

3,605 

1,392 

407,207 

61,693 ! 

823 

36,331 

3,714 

1,087 

560 

6,549 

2,853 

394 

72.104 

2,289 

357,052 

19.416 

9,401 

2;112 
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Name of Mine. 



Leisiire, Wheal 

Leisure, East Wheal 

Leisiire, Great Wheal 

Levant 

Liberty, Wheal 

Idscombe, East 

liscott, Wheal 

Little Buke. ^ 

Long Close 

Lopes, Wheal 

Magors Ore - 

Maiden & Carharrack, Wheal... 

Marazion Mines 

Margery, Wheal 

Marke Valley 

Mary Consols, Wheal 

Mary Great Consols, Wheal ... 

Mary, Wheal (St. Neot's) 

Maudlin, Wheal 

Messer, Wheal 

Michell Consols, Great 

Montague and Harmony, Wheal 

Mulvra, West or Wheal 

Music, Wheal 

Neptune, Wheal 

Neptune, South Wheal 

Nicholls, Wheal 

North Consols 

Onslow Consols, Great 

Osborne, Wheal 

Par Consols 

Parkenbowen 

Paul Downs 

Pednandrea, Eait 

Pembroke 

Pembroke and East Crinois ... 

Penberthy Crofts 

Pendarves and Aubyn 

Pendarves Consols 

Pendarves, North 

Penhale, Wheal 

P^polls (Regulus) 

Penrose, Wheal 

Penstruthal 



Period of 


Making Returns. 


from 


to 


1827 


1840 


1851 


1852 


1852 


1853 


1821 


1856 


1836 


1837 


1821 


1834 


• •• 


1820 


• • • 


1824 


• • • 


1821 


• • • 


1825 


• • • 


1817 


1820 


1862 


1830 


1841 


1855 


1856 


1844 


1856 


1817 


1851 


1854 


1856 


1828 


1851 


1823 


1824 


1841 


1855 


• • • 


1848 


1819 


1844 


1820 


1823 


1816 


1833 


1815 


1824 


1842 


1843 


• • • 


1826 


• • • 


1837 


1853 


1856 


1838 


1839 


1841 


1856 


1821 


1823 


• • • 


1855 


• • • 


1821 


1815 


1839 


1852 


1856 


1818 


1825 


• • • 


1854 


• • • 


1851 


• • • 


1828 


• • • 


1849 


1846 


1850 


1843 


1844 


1819 


1846 







Tons of 
Ore. 



51,807 

670 

270 

53,815 

700 

3,269 

176 

40 

14 

26 

106 
23,552 

29,902 

1,046 

19,518 

4,616 

973 

11,910 

84 

1,888 

157 

29,407 

416 

4,596 

10,081 

171 

46 

887 

931 
301 

93,260 

140 

138 

14 

85,830 

6,021 

8,697 

125 

258 

181 

96 

191 

175 

51,827 



Tons of 
Copper. 



3,549 

30 

18 

6,505 

31 

225 

15 

3 

1 

8 

1 

1,542 

2,222 

71 

758 

369 

65 

709 

5 

121 

8 

2,950 

61 

743 

1,026 

14 

4 

36 

31 

26 

8,615 

10 

8 

1 

6,663 

347 

631 

10 

15 

9 

8 

19 

14 

8,073 



Amount. 



£ 
243,320 

1,902 

1,068 
510,164 

2,242 

1^153 



\ 



564 

198,052 

164,669 

6.764 

67,090 

25,000 

6,157 

66,393 

360 

10,637 

404 

241,666 

4,580 

66,270 

85.286 

1,049 

274 

2,822 

2,706 
1,938 

786,030 

748 

813 

71 

498,880 

32,871 

49,291 

1,066 

972 

610 

670 

1,417 

1,012 

217,133 



\ 



GOPPBB OKE BTATWnCB. 



Penwinnlck 

Panwilh., VHunl 

Perran, Cikm 

Psrran, Whoa! 

Porran 9t. Geoigo 

PemiD United^ 

Parran Vaae. 

Pink, mesi '.'.'.'.!!'.!'.!'.'.'.!!'..'. 

Pink, West 

PtsnCf, Wheal 

PcJberro 

Potberro, West. 

Poldlca 

Poldioo, Wert „ 

Polgino 

Polgooth 

Polniear, Wheal 

Pool, East 

Pool. North 

Prideaujt Wood 

PriinroBo, Wheal- 

Prinre Royal 

Prosper, When! 

Proiidencd Miueii 

ProviJente, Wheal 

RnvidBQoc. Waat 

Prudence, Wheal 

Ditto 

Prudence, Weat Wheal 

QuooQofDart 

Raven, Wheal 

Hadmth Cnnaola 

Bagent, Whoal 

Ditto 

Ratallaok _ 

Seliitian 

RallstJon, East 

Richard's WheoJ Friandahip 

Robert, Wheal 

Robert, North Wheal 

Rock, Wheal 

Rodney. Wheal 

Rose. East Wheal 

RoBO, New Wheal 

Bowplethon 



COFFEB ORE BTA.aiBTtCa. 



Roskear, Horth 

RoakBBT, Souti 

RoBHwarna United 

Ruby, Wheal 

Riueell. WlieaL 

Ruesell, Ea«t 

Sarah, Wbsal 

Seal Hole, North 

Seton, East 

Ditto, aod Wlieal Maud 

Seton. Wheal 

Sston, West 

Sbeba, Great Wheal 

Bisters, WhOBl 

Sortri^e Comohr .-.....,.. 

Sparnon, Wheal 

Spnrrow, Wheal 

SpeameMoor 

Speame, Wheal 

Spaed, Wheal 

^d. South Wheal 

Speedwell, Wheal 

SpiDBler. Wheal 

Spirria, Whoal 

aquiro, Wheal 

Squire, Waat Wheal - 

Stmwbeny, Wheal 

Stniwbert7, East Whsal . 

Stray Park 

Strode, When] 

Sunnn, Whoal 

Sydney Cova 

Sundry Small Miaaa 

Ditto 

'nunar, Wheal 

Taniar(Slag) 

To'y (Jonwls 

Teaguea Ore 

Tehidy, Wheal 

Tincrofl 

TinBlkng 

Ditto 

TolguB, Whoal 

Tolgus, &Ht 

Tolam, South 

ToIeub, Groat South 



20,082 
3.385 

fl,718 



COPPXB OBE BTATIBTIOa. 



Tolgiu, Wiat Whoa! 

Towati. Whenl 

TowBH Consnls, Great .... 
Towonond Wheal LjtUb, 8i 

Traniiuck, WHebJ 

IVaitno^k aud BoHOfiaoe..^, 

TraasiinijWJiiBU 

TreanirT, Wheal 

TVeasury, Wast Whoa] .,,. 

Trobarroh, Wheal 

TremjsCBi^lia) 

TreFiuii, Wheal 

Treg^oran 

Tr^llwi 

Tregothnan Coiuota 

Tnleigb ConBols 

Trelluick 

Trolowoth 

Trotyoo CoMoli 

TrBmaton, Wheal 

Tremayno, Wheal 

Tnnow CouboIb 

Trenoweti 

Trenwith, Wheal 

TVeaayean Bsirier 

in^ikerby MlDM 

Tt«»kow 

TretheUan 

Trethellan, Weal 

TretoU 

TrBYBbyn, Wiieal 

Treraniianco ConsoU 

TrevaekuB 

Trevuke7 

'KvTanloa 

QVewBTBe, Wheal 

Trjpheniv, Wheal 

Tyiramhalle 

Unanmity 

Dully OonBols, Wlioal .... 

Unity Wood, But 

Ditto. Wheal 

Unity and Poldloo, Wheai. 
Unity, North Wheal.. 







HaUDR 


B«ai» 


™.'' 






from 


io 




„:„ 


1HS7 




1S1B 


1835 






1835 




1817 


1847 




1823 


18B3 


8,1 »4 


1S61 


18G2 


266 


ISlfl 


1828 


7,174 




1844 


6.787 


1846 


18G4 


8,601. 


1&S2 


1866 






1843 


' 67 


ISfiS 


1854 




1816 


lB2t 




1S42 


1841 


1,163 


1840 


IBM 


1,407 


1888 


1835 


21,904 


1820 




1.720 


18fi4 


1856 


S43 




1861 


100 




1818 




1848 


1850 


6,1B0 


1844 


ISAti 


6,761 


181S 


1821 


4,788 


1825 


1856 


13,080 


1816 


1856 


163.269 


1844 


1848 


2,82fl 


1815 


1832 
1S24 


47,646 


1837 


1866 


36.646 


18(G 


1860 


1,288 


ifias 


1847 


10,085 


182T 


183a 


250 


1843 


1844 


1,158 




1842 
1823 


1,190 


1844 


1865 






1841 


147 


IHM 


1839 


1.648 


1838 


1846 


17.385 


1847 


1848 


72 


1848 




21,726 


181S 


1828 


1,134 


ISIS 


185<I 


851 




ISM 


66 


183S 


1842 


32,766 


1815 


1848 


108,898 




1866 


'•' 



COPPEB OBE STATISTICS. 
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Name of Mine. 



United Mines 

United HiUs 

Union, Wheal 

Union Mines 

Uny, Wheal 

Valley, Wheal 

Value, Wheal 

Virgin, Wheal 

Virtuous Lady 

Vor, Wheal 

Vyvian, Wheal 

Work, Great 

Williams, Wheal 

William's East Downs 
WelUngton, Wheal .. 

Wellington Mines 

Weeth 

Zion, Wheal 



Period of Making 






Returns. 


.Tons of 


Tons of 






Ore. 


Copper. 


from 


to 




1816 


1856 


804,528 


22,681 


1826 


1847 


54,478 


3,582 


• • • 


1838 


101 


6 


1815 


1825 


2,136 


184 


1826 


1856 


755 


39 


1825 


1828 


498 


80 


• •• 


1828 


80 


8 


1821 


1847 


22,974 


1,656 


1825 


1833 


3,843 


297 


1821 


1842 


4,296 


880 


1827 


1856 


8,277 


500 


1881 


1849 


1,926 


207 


• •• 


1848 


170 


14 


1842 


1846 


2,401 


146 


1822 


1827 


2,827 


218 


1847 


1851 


2,620 


244 


1815 


1824 


4,852 


444 


1855 


1856 


770 


43 



Amount. 



£ 

1,806,811 

266,075 

424 

10,309 

8,472 

2,812 
226 

128,221 

25,082 
85,661 

15,675 
764 
10,527 
16,667 
16,298 
41,422 

4,412 



N.B.-^Where but one date of sale is giyen the whole of the returns have been 
effected within that year. 

When, the amount is omltt<^ the sales h^ye been made by priyate oontract. 
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COPPER ORES SOLD AT SWANSEA 
PtTBLIC TICKETING, 

FROM THE YEAR 1819 TO THE END OF 1856, 

OB DUBlKd A PERIOD OP THntTT-SEVSN TEABS, 
(SBOOin) DIVISION.) 



Name. 



Period of 
Making Retoms. 



Abbey Regulus #. 

Aberdovey 

Adelaide 

AMcan 

Ditto, Sonth 

Algiers 

Allihies 

American 

Amlwch 

Andreas^ San 

Anglesea Ores 

Ardtully 

Arietta Pertinencias 

Arkendale and Derwent . 

Amsaw 

Audley 

Australian 

Ditto, and Kawaw 

Bacuranao 

BaUinoe 

Ballydahob 

Ballygahan 

BaUymurtagh 

Ballyvii^in 

Baltimore 

Bamfylde 

BarillaSlag 

Barmouth 

Barrier, Great 

Bearhayen 



from 



1844 

1858 

1868 
1819 
1841 



1835 
1845 
1836 



1827 

1845 

1843 
1850 
1819 
1828 
1822 

1828 

1866 

1863 
1842 



to 



\ 



1846 
1861 
1848 
1866 
1854 
1866 
1842 
1847 
1834 
1847 
1840 
1846 
1837 
1828 
1864 
1833 
1855 
1864 

1846 
1851 
1822 
1864 
18«6 
1866 
1868 
1866 
1856 
1823 
1866 
1856 



Tons of 
Ore. 



\ 



59 

390 

33 

1,616 

32 

970 

87,060 

1,717 

82 

4,371 

220 

361 

17 

232 

1,660 

42 

2,147 

1,114 

156 

392 

3,610 

60,988 

276 

464 

50 

71 

16 

200 

83,276 



Tons of 
Copper. 



7 

41 

8 

470 

7 

98 

9,792 

221 

10 

5 

210 

22 

82 

4 

6 

170 

6 

411 

133 

16 

24 

164 

2,666 

22 

54 

7 

16 

1 

30 

8,382 



AmoOBi 



£ 

m 

3,004 

650 
52,541 

810 

10,163 

828,455 

16,760 

768 

386 

15,610 

1,607 

8,018 

350 

514 
13,864 

664 
34,185 

10.811 

1,068 

2,010 

12,231 

215,120 

2,243 

4,987 

665 

1,680 

103 

8,487 

708,895 



OOPPEB 0KB 



Making RetDisB. 



Bonmahon 

Bottle Hill 

BotMini, Furnace, ju:. 

British Regulna 

BritiahaiHg 

Browhead, CoFkCo. ... 

Brrn-s-Korder 

Buokfaatleigh 

Buaklngbam 

Bum Bunv 

Cabral 

Oaldbeok 

QiUy 

CaDttabra 

Cappagh 

Ottridsd 

Ottmarron 

Cortbagsna 

Caatiliaa 

Chaneral ,. , 

ChiK 

Clayton 

OlogwynCook 

Clogwingwin 

CoWj« 

Oobre 

Coaiiton 

Coonorea 

Copiapo 

Coppor Ashe* 

Copper Slag 

Ooquimbo 

Cork, aDuth 

CorkfWest .- 

Cornish Ores 

Ditto, Nortk 

OoataRin 

Crftflwjn 

Om&iant 

Creetown - -..-.-. 

Crenfiiegos 

Crowshole 

Cnmebane 



182S 
1843 
1864 



268 



COPPSB OBS STATISTICS. 



Name. 



Cronebane 

Crookhaven 

Crown Co's. Ores .... 

Cuba Ores 

Cwmdyle 

Davies* Ore 

Dah-hiw 

Devon Slag , 

Dhurode , 

Dolfrwynog , 

Dolgelly , 

Drewsycoed 

Dudley Slag 

Dulas 

Dyfhgrom 

Dyliffe 

Ecton 

Emma» Wheal 

Florence 

Foreign Slag 

Forest Copper Works 

Fowey Consols 

French Slag 

Galway 

Gkimicha 

German Ore 

Qiburra 

Gilfach 

Glamore 

Glasgow Slag 

GWterSlag 

Guildford Slag 

Gurtnadyne 

Gyfix)n, (North Wales) 

Hafodyllan 

Havana 

Helvellyn 

Holmbush 

Holyford 

Hope, Wheal 

Hidme Slag 

Irish 



Period of Making 
Hetams. 



firom 



1853 



1885 



1854 
1824 
1839 
1821 
1850 



1852 
1819 



to 



1824 
1862 



1855 

1844 



1854 
1853 
1850 
1849 

1861 

1825 
1841 

1836 
1846 
1829 



\ 



1856 
1864 
1839 
1856 
1854 

1845 
1855 
1856 
1865 
1829 
1840 
1840 
1851 
1854 
1854 
1855 

1822 
1856 

1840 
1837 
1849 
1825 
1866 

1853 
1856 
1855 
1849 
1854 
1865 
1854 
1853 
1850 
1850 
1855 

1826 
1863 
1865 
1837 
1856 
1830 
1839 

1856 



Tons of 
Ore. 



540 

48 

1,284 

72,100 

93 

168 

16 

52 

64 

1,591 

872 

5,960 

293 

8 

25 

122 

2,542 
65 

80 

55 

597 

1,603 

2,290 

54 

898 

1,317 

161 

25 
160 
420 
168 
323 
154 
864 

56 
970 
5 
426 
8,331 
226 
180 

228 



Tons of 
Copper. 



\ 



43 

2 

96 

12,893 

8 

6 
2 
2 
3 

167 

26 

554 

10 

2 

1 

10 

211 
6 

10 

6 

18 

125 

108 

5 

85 
85 
19 
2 
11 
12 
20 
20 
16 
51 

5 
134 

• • • 

36 

675 

15 

8 

6 



Amoont. 



£ 
4,395 

194 

7.657 

1,086,307 

424 

424 
278 
195 
350 

14.457 
2,007 

45,868 

600 

132 

76 

968 

18,322 
550 

780 
600 

1,035 
10,990 

9,428 

472 
8,752 
6,467 
1,540 

215 
1,177 

805 
1,737 
1,334 
1.240 
4,868 

427 

11,448 

75 

3,382 

64,253 

91S 

522 

480 



OOFFBB Oax STATIBIIOB. 



James' Ore 

Kapunda 

KHnnw, Nev Zealand 

Kawaw, West 

Konmara 

Laoksmore 

Latter Mins 

Loe Houae Well 

UanlisTTia 

Linndegaj 

LUndudno 

Uasidloea 

Dywidci 

Londou 

Ditto, GlBaninga 

MiklBObita 

Margom Ocea 

MalnerjtbBn 

Heilciin 

Jlil-dnms 

Mines des Alpes 

MiioD 

MoUand 

Hoiia aad Pott's 

Mooa Mine 

Monticule 

Montreal 

Mount San Fernando.. 
Mynid-y-Garag 

Nanmero 

Nnnt-y-Oar 

Ntunaquu 

NamaquBland 

NaathBlag; 

Nev Zealand 

Norway Ores 



Pflriodo/ 


















Ore. 


Coppsr. 


from 


to 




1841 


298 


14 


iRin 


18E2 


7911 


143 


1848 


ISfifl 


8,017 


2,684 


1S49 


1866 


2,467 




18S1 


1862 


487 


40 


1811 


1S42 






isas 


1847 






182T 


ISGS 






1828 


182S 


186 


9 


1828 


1864 


3,788 


397 




1SG6 






1828 


1869 


3,881 


148 


1827 


ifisa 


651 


B8 


1822 


1850 
1838 


7,363 
66 


499 


181B 


1848 


0,670 


9SS 


1843 


1S44 


64 






1841 






1821 


1S43 


1.730 


148 


1844 


1864 


£6 


16 




1825 


80 


1 




1864 


14 


6 


1853 


1861! 


870 


49 




1839 


614 


S3 




1841 


2S1 




1838 


1SS9 








1843 


196 


25 




1SBS 


10 


■2 


18ia 


1820 


SSO 


33 


ia2fi 


1806 


547 


41 


1820 


1836 




10,553 


1826 


1828 


2,600 


92 


1S4S 


1848 


649 




1851 


18G4 


1,730 


245 


1843 


]a44 


672 


102 




182S 


13 


10 


1S23 


182* 


E8 


6 




1854 


'88 


3 


IHfiS 


1868 


1,018 


265 




1866 


1,270 


820 




1866 


10 




184T 


18B3 


711 


96 


IBiiS 


1864 


8,6oe 


963 



COFFEB OSB BTATIBTICa. 



FaUtlns .. 



Penislt 

Pmrbfodw , 

Mnal 

Port linooln 

Fnnmimnia 

FrinccH Rofal .. 

Queen of Dart.... 

Reoompenn . . . , 



BoMlBluid 

Botterdam sue 

JEtoaghtengUI 

SmCayolaao 

Sot) FornHodo 

9iui Jms, In Cobra .. 



SaTBrn 

Snowdon 

South AuBtralia 

8ooUi"ark 

Spaniih Ore 

BtoBwaeK 

Bundi7 BmaU Mines— 
Sydney 

8ymniQ-dyl!uan 



18SS 
1S42 
1847 



1S4T 
]6!7 
1BB7 



I8je 
1825 

1827 



TIbay 

Tlgrony .. 



COPPER CUE STATISTICS. 
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Name. 



Union 

Ditto, Wheal 

United States 

Valparaiso 

Victoria 

Vigra and Cloga 

Virgin Gorda 

Wallah-Wallah 

Wales, North 

Walwich Bay Mining Cbmpy. 

Waterloo Slag 

Welsh Ore 

Westmoreland 

Wicklow 



Period of 






Making Returns. 


Tons of 
Ore. 


Tons of 
Copper. 






firom 


to 






1838 


1850 


712 


30 


1829 


1830 


45 


3 


• • • 


1829 


25 


7 


:i836 


1846 


9,417 


2,369 


1845 


1846 


1,547 


616 


1845 


1846 


776 


84 


• • • 


1842 


146 


26 


• • ■ 


1852 


85 


7 


• •• 


1«55 


67 


3 


• • • 


1856 


65 


20 


1850 


1854 


2,148 


94 


• « • 


1855 


31 


2 


1828 


1824 


101 


14 


1822 


1833 


4,845 


270 



Amount. 



2,412 
251 
589 

193,835 
8,472 
2,424 
2,347 

727 

-282 

2,2(ft 

7,886 

278 

1,227 

21,105 



N.B. — When but one date is given the sale has been effected in that year. 
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MISCELLANEOUS EULES AND TABLES. 



To ascertain the Strength of Cables. — Square the circumference 
in inches and multiply by 120 : the product is the weight in 
pounds which may be safely attached to the cable. 

To ascertain the Strength of Bopes.^Squ&re the circumference 
ih inches and multiply by 200 : the product is the weight in 
pounds the rope will bear with safety. 

To ascertain the Weight of Manilla Ropes and Sawsers. — Square 
the circumference in inches and multiply by "03 ; the product 
gives the weight of one foot in pounds. 

The weight of one foot of common rope may be found by squaring 
the circumference in inches, and multiplying by -045, and for 
cables by -027. 

These approximate rules are sufficiently accurate for most 
ordinary purposes. 

"Wateb- Wheel Gudgeons. — Ascertain the weight in pounds 
to be borne by each gudgeon ; extract the square root of the sum; 
then divide the root by 25 for cast, and 26 for wrought iron : the 
dividend is the diameter and length of the gudgeon bearing, 
expressed in inches. 

Ex. — The gudgeons of a water-wheel support a load of 110,000ft8.: 
required their diameter at the bearings, the gudgeons being cast 
iron : — 

Gross weight 110,000 = 55,000 fes. on each gudgeon. 

V 55,000 = 234-52 -^ 25 = 9J inches nearly. 

In practice it will be prudent to somewhat exceed the results 
afforded bv this rule. 

"Winding Engines. — ^When a kibble is required to be drawn 
from the bottom of a shaft by a given number of strokes, it is 
necessary to find the diameter of the winding-cage at the first lift, 
to know the depth of the shaft, and thickness of rope employed. 

When the thickness of rope and number of strokes are known, 
the depth of rope on the cage can be readily determined. 

Multiply the depth of the shaft in inches by the thickness of 
the rope, dso in inches, iot a^m^^xA\>^^\i\xi^\^l^ the thickness 
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of the rope, in inches, by 3 • 1416, and by the number of strokes for 
a divisor. Divide the dividend by the divisor, and from the 
quotient subtract the product, found by multiplying the thickness 
of the rope by the number of strokes, and the remainder will give 
the diameter of the cage in inches. This rule is only applicable to 
flat ropes lying on each other. 

(1.) JEx, — If an engine make twenty-five strokes in drawing a 
kibble to the top of a shaft 120 fathoms deep, and the thickness 
of the rope be one inch, what will be the diameter of the cage at 
the first lift ?— 

120 fathoms = 8,640 inches x 1 = 8,640 dividend. 

And 3 1416 x 1 x 26 = 78 54 = divisor. 

8,640 -7- 78-64 = 110 — 25 = 85 inches, or 7 feet 1 inch. 

(2). Ex. — If an engine make 16 strokes in drawing a kibble 
to the surface from a shaft the depth of which is 80 fathoms, with 
round ropes not lying on each other, what must be the diameter of 
a flat rope cage, so constructed that the engine may go the same 
number of strokes as before, the thickness of the rope being | of 
an inch ? 

80 fathoms = 6,760 inches. 

5,760 X -75 = 4,320 dividend. 

3.1416 X -76 X 16 = 37 699 divisor. 

4,320 -f- 37-699 = 114-5. 

The product of the thickness of the rope and number of strokes 
is -76 X 16 = 12, hence 114-5 — 12 = 102-5 inches, or 8 feet 6^ 
inches. 

When flat ropes are employed the kibbles will not meet each 
other at mid-distance; that which descends will pass through a 
greater space in the same time than the kibble ascending, owing 
to the circumference of the coil being always greater until the 
engine has made half its number of strokes. 

When the depth of the shaft, the thickness of the rope, and the 
diameter of the cage are given, to determine where the kibbles will 
meet, multiply the radius of the cage by the depth of the shaft, 
and consider this the numerator of the first fraction ; then multiply 
the depth of the shaft by the thickness of the rope, and divide the 
product by 3.1416, to this quotient add the square of the radius of 
the cage, and extract the square root of the sum, then add this 
square root to the radius of the cage, and consider the result the 
denominator of the first fraction. 

Multiply the thickness of the rope by the square of the depth 
of the shaft, and the result is the numerator of the second 
fraction ; then square the denominator of t\i^ ^^X. ^x^^HiKssts.^ w>l^ 
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multiply that square by four timee 3- 1416, the product is th« 
denominator of the second fraction ; add together the two fractioni^ 
and the distance is obtained where the kibbles will meet. 

j;:r.— At what point in a shaft will two kibbles meet if the radiw 
of the cage be 4 feet, the thickness of the rope -A^th of a foot aiui 
the depth of the shaft 1,200 feet ? ^ ^ 

, oJf ^'^ = ^'^ -^«* numerator. 
1,200 X T^ _ 

3 1416 -31-79 
42=16 
16 + 31 -79 = 47-79 

>/47 • 79 = 6-90 
4 + 6-90 =10-90 Istdenom. 

A Qf\f\ 

henee —-- is the first fraction. 

Again— ,V x 1,200» = 120,000 2nd nnmerator 

lO-QO" X 4 X 31416 = (118-81 x 125664) = 14930139. 2nd denom. 

120000 
^®°ce 2493!q239 ^^ *^® second fraction. 

4,800 , 120,000 

10^ + 1493 0139 = ^'^ + S^-37. 
= 520 - 73 feet = 86 • 78 fathoms. 



TIMBEB MEASITBE. 

Timber is usually estimated by the square or superficial foot of 
144 inches, or cubic foot of 1728 ; the calculations are performed 
by duodecimals or cross multiplication. 

To find the Superficial Content ofTmiher, — Place the multiplier 
under the multiplicand, feet under feet, inches under inches <fe<;. 
Multiply each denomination of the length by the feet of the 
breadth, beginning at the lowest, and place each product under 
that denomination of the multiplicand from which it arises always 
carrying 1 for every 12. Then proceed to multiply by the' inches, 
and set each product one place farther to the right hand. The 
sum will be the contents in feet and inches. 

Ex, Ist. — Eequired the superficial content of a board 10 feet 6 
inches long, and 1 foot 7^ inches broad. 

ft. in. 

10 6 

Multiplied by 1 7 6 

10 6 
6 16 
5 3 

17 9 Answer 
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11 the two ends of a board or plank are of different dimensions, 
add the two breadths together, and multiply the length by half 
the sum. 

To find tTie Solidity of Timber, — The solid content of timber is 
found bj multiplying the length by the square of the quarter 
girth. 

JEx. — ^Required the content of a tree in cubic feet, whose girth 
in the middle is 96 inches, and length 36 feet 6 inches. 

The girth 96 inches divided by 4 = 24 inches, or quarter girth. 

ft. in. 

24 inches = 2 
Multiplied by 2 

4 " Answer 



Then 36 6 

Multiplied by 4 



146 Answer 



WHEEL AJSCD AXLE. 

As the radius of the wheel is to the radius of the axle, so is the 
effect to the power. 

JSx. — A weight of 60 fcs. is exerted on the periphery of a whe^l 
■whose radius is 12 feet. Required the weight raised at the 
extremity of a cord wound round the axle, the radius being 22 
inches. 

60fts. X 12 ft.' X 12 in. ono «. a 

-— -^ — = 392 ms. Answer. 

22 inches. 

PULLEY. 

Divide the weight to be raised by twice the number of pulleys. 
The quotient will give the power necessary to raise the weight. 

JEa:, — What power is required to raise 800 fcs. when two blocks, 
each containing two pulleys, are applied ? 

= 100 fcs. Answer. 

4x2 

INCLINED PLANE. 

As the length of the plane is to its height so is the weight to 
the power. 

jSx. — Required the power necessary to raise 720 fcs. up an in- 
clined plane 8 feet long and 3 feet high. 

As 8 : 3 : : 720 : 270 fcs. Answer. 
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The iciew may be considered as a tbiead woand in t gpinl 
direction round the peripheiy of a cjlinder, and is in all respects 
analogous to an inclined plane ; the l^igth bein^ the circumfereoff 
of the cylinder, and the height the distance between two conaecQ- 
tive threads of the screw. Hence the nearer the spirals are to ooe 
another the greater is the force of the screw. 

As the circumference of the screw is to the distance betwea 
the threads, so is the weight to the power. 

Ex, — The circumference of a screw being six inches, sod ib 
pitch or distance between the threads one inch, required the power 
to raise 500 &»s. : — 

As 6:1:: 500 : 83 fl^ Answer. 

When a winch or lever is applied to turn the screw, the power 
of the latter is as the circle described bj the handle of the wind 
or lever, to the interval or distance between the spirals. 

To find the Centrifugal Foree of a body, — ^Divide the velocity in 
feet per second by 4*01, and the square of the quotient bjtbe 
diameter of the circle : the quotient is the centrifugal force wba 
the weight of the body is one. Hence, the quotient multiplied bf 
the weight of the body is the centrifugal force. I 

Ua:. — Eequired the centrifugal force of the rim of a fly-whd, ] 
thirty feet in diameter, moving with a velocity of forty feet in i 
second : — 

40 -f- 4 01 = 9-97 ; 9-972 -=- 30 = 3*313 times the weight 

[of the rim. 

Multiply the square of the number of revolutions in a minute by 

the diameter of the circle in feet, and divide the product by the 

constant number 5,870 ; the quotient is the centrifugal force when 

the weight of the body is one. Then, as in the previous rule, tbe 

!|Uotient multiplied by the weight of the body is the centrifugsl 
orce. 

Ua:. — Eequired the centrifugal force of a stone weighing four 
pounds, revolving in a circle eight feet in diameter, at the rate of 
180 revolutions per minute. 

180« X 8 = 259^00 and 5370 = 44- 16 
Hence 44-16 x 4 = 176-64 Answer. 
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TABLE FOB ASCEBTAININO THE WEIGHTS OF PIPES OF VARIOUS METALS 

AND DIAHETEBS. 


WaovaHT Isoir. 


COPPXB. 


LSAD. 


Thickness 

in parts of 

an inch. 


Moltipliera. 


Multipliers. 


Multipliers. 


i 

t 


-826 
•663 
-976 
18 
1-627 
1-96 
2-277 
2-6 


•88 
•76 
1-14 
1^62 
1-9 
2-28 
2-66 
8-04 


-483 
•967 
1-46 
1-938 
2-417 
2-9 
8-883 
3-867 



To the interior diameter of the pipe in inches add the thickness 
of the metal ; multiply the sum by the decimal numbers opposite 
the thickness given and under the name of the metal, also by the 
length of the pipe in feet : the product is the weight of the pipe 
in pounds. 

Required the weight of a lead pipe whose interior diameter is 
eight inches, its length twelve feet, and thickness of metal one 
quarter of an inch. 

8 + • 26 = 8-25 X 3-867 x 12 = 382-82 fts. 

To ascertain the Mean JProduce of variotis piles of Ore of different 
yields, — Multiply the quantity of each pile by its assay, add the 
total products together, and divide by the quantity contained in the 
whole of the piles. 

Esv, — Required the mean produce of three piles of copper ore, 
the first being 40 tons, assaying 8 per cent., the second 60 tons, 
assaying 7| per cent., and the tlnrd 31 J tons, assaying 6| per cent. 

4K) X 8 = 320 

60 X 7| = 60 X 7 • 76 = 465 
31i X 6| = 31- 6 X 6-376 = 201 

[nearly. 



Tons 131 i 



986 -f- 131 • 6 = 7 J per cent. 



Approximative rule for estimating the qtiantity of available coal 
contained in a given seam, — ^Ascertain the number of cubic yards 
contained in any given seam, multiply the product by 17, then 
deduct one-third for waste, the remainder divided by 20 will give 
the number of saleable tons. 
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8TBEN0THS OT YABIOUB ASXBCAIiS. 

The English pack-horse will cany a load of 3^ cwts. 

» Mule „ 3 „ 

„ Donkey „ 2 

„ Elephant „ 35 „ 

„ Camel „ 7 ^, 

» I^ama „ l| „ 



Pboportional Breadths for Hexaoonal or Six-sided Nuts for 

Iron Bolts. 



Diameter of Bolts. 



4 

i 

S 
A, 

I 



Breadth ofNats. 



Inch. 

J 
n 



Diameter of Bolts. 



u 
ii 

i| 
IJ 



Breadth of Nnti. 



Inch. 
1« 

H" 

2| 

2i 

3 



i\^o(«. — The thickness of the nut is eqvial the bolt's diameter. 



SIZES AND PBOPOBTIOm 07 BOIiTB. 

The diameter of the bolt regul&tes the number of consecutive 
threads contained in an inch. 



Diameter 

of Screw 

in Inches. 


Threads 
in an Inch. 


Diameter 

of Screw 

in Inches. 


Threads 
in an Inch. 


Diameter 

of Screw 

in Inches. 


Threads 
in an Inch. 


Diameter 

of Screw 

in Inches. 


Threads 
in an In. 


4 
i 

• f 


12 
11 
10 

8 


14 
ij 


7J 
7 

«4 

6 
64 


If 

If 
2 

It 


5 

i 
4 


2| 
24 

• • • 


3i 

S4 

3 

3 
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W BIGHT OF A SQUARB FOOT OF PlATBS OF DIFFBBBNT MeTALS, FBOM yV 








TO 1 UrOH IN I^HIOKNBBS. 










1 

1 








CAST. 










Wrought 
Ibon. . 


































Ibok. 


COPPXB. 


Bbass. 


Lbad. 


Zinc. 


Tnr. 


SiLTBB. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


1 


25 


2-8 


2-9 


2-7 


3-7 


2-8 


2-4 


8-4 


6-1 


4-7 


5-7 


6-6 


7-4 


4-7 


4-7 


6-8 


1 


7-6 i 


7-0 


8-6 


8-2 


11-1 


7-0 


7-1 


10 2 


101 


9-4 


11-4 


11-0 


14-8 


9-4 


9-6 


13-6 


-^f 


12-7 


11-7 


14-3 


13-1 


18-5 


11-7 


11-9 


17-0 


1 


16-2 


14-0 


17-2 


16-4 


22-2 


14-0 


14-2 


20-5 


1 


179 


16*4 


20-0 


19-2 


25-9 


16-4 


16-6 


23-9 


20-3 


18-8 


22-9 


21-9 


29-6 


18-7 


19-0 


27-3 


^ 


22-8 


211 


25-7 


24*6 


33-2 


21-1 


21-4 


30-7 


i 


26-4 


23-5 


28-6 


27-4 


36-9 


23-4 


23-7 


34-1 


1 


27-9 


25-8 


31-4 


301 


40-6 


25-7 


261 


37-6 


30-4 
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34-3 


32-9 


44-3 


28-1 


28-6 


40-9 


H 


32-9 


30-5 


37-2 


35-6 


48-0 


30-4 


30-9 


44-3 


i 


36-6 


32-9 


40-0 


88-3 


61-7 


32-8 


33-2 


47-7 


4* 


38-0 


35-2 


42-9 


41-2 


66-4 


35-1 


35-6 


51-1 


1 


40*6 


37-6 


45-8 


43-9 


59-1 


376 


880 


54-6 



Comparative Weights of Various Metals, &c. 



Iron being 1. 

Cast Iron = *96. 

Steel = 1-02. 

Copper = 1'16. 

Brass = 1-09. 

Lead = 1-48. 



Cast Iron being 1. 

Bar Iron = 1*07. 

Steel = 1-08. 

Brass = 1*16. 

CoppOT = 1*21. 

Lead = 1*56. 



Dry Deal being 1. 

Cast Iron = 11*0. 

Cast Tin = 11'2. 

Brass = 127. 

Copper = 13-3. 

Lead = 17*1. 



JS^ar. — A sheet of iron weighs 640 lbs., but has to be substituted 
by one of copper of equal dimensions, required its weight. 

640 X 1 • 16 = 742 • 40 lbs. 
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WWOBT OF 


& LniKAt Foot 


OP Plat Ibdh 


IS POUHDB. 




•V 




raioDfiM nf 


ri»M OF u niCT. 
























i 


A 


1 


A 


t 


f 


1 


1 


1 


1 


•fas 


ID** 




l«i 




2-088 


























































































































1 




■see 


1-967 




tm 




8-bS 






11* 






























































































































































































* 


i-m 


Sim 




*-»* 


6uia 


"■"" 


VftlB 


a-767 


KHIS4 



Weight op a Lmbal Foot op Bouabi and Ronun Bah Ihoh. 














BqniiK In Poondf . 












in 1 Cwt. 








-£09 


530 


■164 


683 




* 


■326 


SiSl 


■250 


437 




-i70 




■869 








-610 




■603 


224 




1 


■835 




■658 






tV 


1-05T 


106 


■831 


134 






1-305 


SB 


1-026 


109 






1-B7B 




1-241 


SO 




V 


1-87B 




1-476 


76 


-K 


2-E06 


51 




Mi 




2-558 


U 


2-011 




is 






2-300 


48 


1 


S-340 


8S1 


2-6-24 


42 


H 


4-228 


26^ 


3-321 


33 
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Weight of a Likbal Foot of Squabb and Round Bar Iron. — Cotuinued. 



Side and 

Diameter in 

Inches. 



If 

H 
H 
H 

n 

2 

11 

24 

2| 
2] 

2» 
8 

84 

Si 

3| 

3i 

38 

8J 

3| 
4 

*i 
4i 



Sqoaie in Founds. 



*4 
H 

H 

5 
6i 

6 



6-219 
6-316 
7-616 
8820 
10-229 
11-743 
18-860 
16-088 
16-909 
18-840 
20-876 
23115 
26-269 
27-608 
80-070 
82-618 
36-279 
38046 
40 916 
43-890 
46-969 
60163 
63-440 
66-833 
60-329 
63-930 
67-637 
71-446 
76-369 
79-378 
83-610 
92-469 
101036 
110-429 
120-243 



Nnmber of 

Lineal Feet in 

ICwt. 



211 

17} 

16 

12t 

11 
9i 
8i 
7i 
6i 
6 

6i 
6 

ih 

4 

31 

3^ 

3 

3 

2| 

2i 

2i 

I' 

2 






Bound in Founds. 



4*099 

4-961 

6-913 

6-928 

8-043 

9-224 

10-496 

11-846 

18-283 

14-797 

16-396 

18-146 

19-842 

21-684 

23-663 

26-620 

27-709 

29-881 

32-170 

34-472 

36-896 

39-390 

41-984 

44-637 

47-386 

60-211 

63-132 

66-113 

69-187 

62-344 

66-686 

72-618 

79-370 

86-731 

94-610 



Number of 

Lineal Feet 

inl Cwt. 



Mining Almanack. 
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WEIGHTS OP KBTALS, Ac. 



g_ Cb, eqoh, PoMc Fi»I Cuinc Foot CbIuc laJ* 



MeUffio.- 

Solphide, [sdiated 

BiHKUTH— Cast. 

Natire 

Baias— Common cart 

Out, not hammenid 

Wlrmlrawn 

COFPES— Cut 

Wire-drawn 

Oni.Kre7(Fahlen) 

Ore, jellow (PjriteaJ 

Ore, blue (Carboa&ta) 

Ore. graea „ ..... 
G0I:I>— Pun, oart 

S2 carata, fine, Maudaid .. 

Tbe mmo. hammsred 

SO carats, fine tiioket 

He same, hammered — 
Iro:< — Cast 

Ben 

Pyrites, cubic 

On, specular 

Lead— Qurt 

Lltliarge 

Ore, cubic 

MEBonRT— Solid, iO dog.belm 
OFalir. 

At32d©g 

AtBOdeg. 

At212iieg 

NicsKI. — Oast 

Ore, Kupfer-nickcl 

PLATmnK— &ude, in gtabw 

Purified 

The eame, liammered 

The same, rolled 

S11.VKB — Cast, puro 

Cast, pure, lumuuered ... 
aTBBL— Soft 

Hardened, but not tomporBd 

Tempered, but not harde 

Tempered and bardouod 



!_ 



6,634 




«,440 


277S 




en-o 


afi-22 


614-0 


7.32* 


489-0 


8.396 


621-8 




534-0 


8.788 


fi4t»2 


8.878 


564-9 








268-8 


3.*00 


212 3 




206-2 




1203-a 




12101 


17.*88 


1093-0 


IB,589 




15,709 


982-0 


15,775 






460-6 


r,73S 


486-8 


4,702 


294-0 




S261 


11,352 


709-5 




393-3 


7,5ST 


474-2 


1^632 


077-0 


13,619 


851-2 


13,580 


848-8 




S^BS 


7,807 


4S8-0 


6.648 


416-5 


16,802 


975-1 


19,600 


1218-8 


20,337 


127M 


22,069 


1379-4 


10.47* 


654-6 


10.511 


657-a 


7,833 


489-6 


7.840 


490-0 


7.816 




7,818 





WEIGHTS OF MSTAL8, ITO. 



283 



Weights of Metals, &c. — ConUnued. 



Tin— Pure Cornish 

The same, hardened 

Malacca, fused 

Tungsten 

Uranium •. 

Wolfram , 

Zinc — In its usual state 

Pure and compressed 

Formed by sublimation, 
and full of cavities 



-i 




Weight of a 
Cable Foot 


Weight of a 


Weight of a 
Cubic Inch 


a 


Ch. equiy. 


Cnbic Foot 




in ounces. 


in pounds. 


in pounds. 


Sn. 


68^82 


7,291 


455-6 


0-263 


• • • 


• • • 


7,299 


456-0 


0-263 


• • • 


• • • 


7,296 


456-0 


0-263 


W. 


94^64 


6,066 


879-1 


0-220 


u. 


60-00 


6,440 


402-5 


0-232 


• • • 


• • • 


7,119 


445^0 


0-257 


Zn. 


82-52 


6,862 


429*0 


0-248 


• • • 


... 


7,191 


4495 


0-259 


• • • 


• • • 


6,918 


269-9 


0-156 



Properties of various Metals. 






Contracts in 


Expands in 


Power 


Names. 


Melting 


cooling, in 


heating fi'om 


of con- 


point. 


parts of an 


32 to 212. 
the length 


ducting 






inch, for each 


heat. 






foot in length. 


bdngl. 




Tin 


•442° 


•278 


-00248 


1-7 


Bismuth 


-476 


•156 


•00139 


• • • 


Lead 


•594 


•319 


-00286 


2-5 


Zinc 


-700 


-329 


•00294 


• • • 


Brass 


8-807 


•210 


-00187 


1-0 


Copper 


4-587 


•193 


•00172 


10 


Wro\ight Iron 


12-780 


-137 


-00122 


1-0 


Cast Iron 


17-977 


-124 


-00111 


1-2 





Heating Powers of Combustible Substances. 



Nature of FueL 



Wood 

Charcoal 

Coal 

Coke 

Peat 

PMvfc Chareoal*. 



/ 



Water raised 

firom 32» to 

212«>. 



]%6. 
26 
78 
60 
65 
80 
64 



Water 2U» 

Evaporated by 1 &>. 

of Fuel. 



\ 



lbs. 

4-72 

13-37 

10-90 

11-81 

5-i5 



Consumption of 

Atmospheric Air to 

each lb. Fuel. 



lbs. 

4»47 
11-46 

9-26 
11-46 
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DI1CE5SI0SS OF DSAWnre papers. 

ft. io. ft. in. 

Wove Antiquanan 4 4 x 2 7 

Double Elephant 3 4 ,, 2 2 

Atlas 2 9 „ 2 2 

Columbier 2 9| „ 1 11 

Elephant 2 3| „ 1 lOJ 

SuperEoyal 2 3 „ 1 7 

Eoyal 2 ^, 1 7 

Medium 1 10 „ 1 6 

Demy 1 7J „ 1 3^ 



SIZES OF SLATES FOB BOOFS. 

in. in. 

Princesses 24 x 14 

1st Duchesses 24 „ 12 

2nd Duchesses 22 „ 12 

3rd Duchesses 22 „ 11 

1st Countesses 20 „ 10 

Small Countesses 18 „ 10 

Viscountesses 18 „ 9 

Ist Ladies 16 „ 10 

2ndLadies 16 „ 8 

8rd Ladies 14 „ 8 

4th Ladies 14 „ 7 

Ist Doubles 13 „ 7 

2nd Doubles 12 „ 6 

Singles 10 „ 5 

Bandoms 



Composition used in welding Cast Steel, — Take of borax 10 parta, 
sal-ammoniac 1 part, grind or pound them roughly together, then 
fuse them in a metal pot over a clear fire, taking care to continue 
the heat until all dross has disappeared from the surface. "Wlien 
the liquid appears clear, the composition is ready to be poured out 
to cool; afterwards, being ground to a fine powder, it is ready 
for use. 

To use this composition, the steel to be welded is raised to » 
heat which may be expressed by " bright yellow ;" it is then 
dipped in the welding ipo^^et wcA ^l^voi ^^^^S^a.^k^a fire until 
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it attains the same degree of heat as before, it is then ready to be 
placed under the hammer. 

Cast Iron Cement, — Take of clean borings or turnings of 
cast iron 16 parts, of sal-ammoniac 2 parts, and flour of sulphur 

1 part ; mix them well together in a mortar, and keep them dry. 
When required for use take 1 part of the mixture and 20 parts of 
clean borings ; mix thoroughly, and add a sufficient quantity of 
water. Note. — A little grindstone dust added improves this 
cement. 

BootlCs Patent Qrense for Railway Axles, — ^Water 1 gallon, 
clean tallow 3 S^s., palm oil 6 lbs., common soda ^ 10b. ; or tallow 
8 fts., and palm oil 10 fts. ; the mixture to be heated to about 
210° Fah., and well stirred till it cools down to about 70°, when it; is 
ready for use. 

Cement for Steam-pipe Joints, Sfc., with faced flanges, — To 

2 parts of white-lead mixed add 1 part red-lead dry ; grind or 
otherwise mix them to a consistence of thin putty ; apply interposed 
layers with one or two thicknesses of canvas or wire gauze, as the 
necessity of the case may be. — Weak* s Engineer^ s Fochet Book. 



ALLOTS, &o. 

Chinese White Copper. — 40*4 parts copper, 31*6 nickel, 25*4 
zinc, and 26 iron. 

German Silver, — 1 part nickel, 1 zinc, and 2 copper ; when in- 
tended for rolling into plates, 25 nickel, 20 zinc, and 60 copper, to 
which may be added 3 of lead. 

Manheim Gold, — 3 parts copper, 1 zinc, and a small quantity of 
tin. 

Alloy of the Standard Measures used hy Government, — 576 parts 
copper, 59 tin, and 48 brass. 

Bath Metal, — 32 parts brass, 9 parts zinc. 

Speculum Metal, — 6 parts copper, 2 parts tin, and 1 of arsenic ; 
or 7 of copper, 3 of zinc, and 4 of tin. 

Hard Solder. — 2 parts copper and 1 part zinc. 

Blanched Copper, — 8 parts copper and \ part arsenic. 

Britannia Metal — 4 parts of brass and 4 of tin ; when fused, 
add 4 of bismuth and 4 of antimony. This composition is added 
at discretion to melted tin. 

Tlumher^s Solder, — Equal parts of lead and tin. 

Tinman's Solder, — 2 parts of lead and 1 of tin. 

iPewterer*s Solder. — 2 parts of tin and 1 of lead. 

Common Pewter, — 4 parts of tin and 1 of lead. 

Best Pewter, — 100 parts of tin and 11 ol «si\AxsiW^ . 
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A Metal that expands in cooling, — 9 parfcs of lead, 2 of antimonj, 
and 1 of bismuth. This metal is very useful in filling small d^ectB 
in iron castings, &c. 

Queen^s Metal. — 9 parts of tin, 1 of antimony, 1 of bismnth, 
and 1 of lead. 

Mooh Platinum, — 8 parts of brass and 5 of zinc. 

Silver Coin of Britain. — 11 ^V P'^"^ silver and -fj^ copper. 

Chid Coin of Britain. — 11 parts pure gold and 1 copper. 
Previous to 1826, silver formed part of the alloy of gold coin; 
hence the different colour of our gold money. 



CDBIOAI. OOKTXHTB OF TISBKLB. 



HiBT APtftOXlKiMoB TO THE LiamD OB CUBIOAL OoKTBNTS OF AM, 
OmilDBICAl, AHD SqUARR-BIOBD VsBBEia. 


Fdrmof 
VnnL 




"SS.." 


"rsiaV^ 


sst 


h 


Diameter in icicheB 
«l"a«d 


•Yards 




103 

034 

00283 

00284 

00095 

000079 

0164 

00G43 

000462 

01S75 

O0425 

oooae 




Qalkos. 

Cubio'FaBt. 
Bodlals. 


iDohea 

Yard. 

Pcet 

iDohes 

Yards 


Inch™ 

Ywd* 

Feet 

iDDhea 


incbea squared 


t-Yard« 




01033 ... 


GallDiu. 

Ba^ls. 
CubioFeat. 
BoshBla. 


InohBS 

Yardi 

Fost.. 

Inthea 

Yarda 


000287 
000387 
0000 OS 
0OQO07 
001 6fl 
000553 
000046 
00129 
0G043 
OOOOSS 


7 


inches 

Yarda 

Feet 

Inches 


i 


Product of two iid- 
jaoent ddes in 
inches 


Yarda 

Feet 




13 

0433 

00361 

0038 

0012 

0001 

O20S3 

007 

00058 

0163 

O0S43 

000453 




GaUuDs. 

Ba^l«. 

CubioFoat. 

BushBlB. 


Inches 

Yarda 

Feat 

InPhea 

YnnJH 

Faet 

iQches 

Yards 

Fact 

Inoho. 



• Diameter in inehes squared, cut off one figure = gallons per yard ran. 
t Ciroumferanoo in inohea squared, cut off two flgursa = gallons par yard ra 
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Table of Multipliers for Conyertuto British Wxiohtb awd Miasubis 
iiTTo French Standard, and French into BBinaH Staitdard.* 



TO CHANGE 



British 

Yards 

Miles 

Acres 

Gallons 

Cubic inches 

Bushels 

Quarters 

Troy grains 

Troy pounds 

Avoirdupois pounds 



French 

to Metres 

Kilometres 



$t 



if 

11 



Hectares. 
Litres .... 



»» 



Hectolitres 



11 *t 
Grammes 



11 



„ Kilogrammes 



11 



>t 



Mnltipljby 

0-914,379 

1-609.306 

0-404,667 

4 543,389 

0016,386 

0-363,471 

2-907,769 

0-064 792 

0-873,202 

0-453,554 



to change 



French 

Metres 

Kilometres. 
Hectares. ... 
Litres 



»» 



Hectolitres 



Graajmes 

Kilogrammes 

»» 



British 

to Yards , 

Miles ., 

Acres . 

Gallons 



It 



11 



11 



„ Cubic Inches 

„ BusLels 

„ Quarters 

„ Troy Grains 

„ Troy Pounds 

„ Avoirdupois Pounds 



Table of Decimal MuLTiPLiERS.f 



Measures, Weigrhts, &c. to be 

Converted. 
To reduce Cubic Inches 
Ditto 



Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 



to Pints 

„ Quarts 

„ Gallons 

„ Bushels 

,, Quarters 

„ Cubic Feet 

,, CuWc Yards 

M lbs. average, cast iron 

Wrought Iron 

Mercury 

Lead 

Tin 

Zinc 

Copper 

Bn\ss 



»> 



f» 

It 
»♦ 

>i 
It 
t> 



Multiply by 
1-093,639 
0-621,386 
2-471.169 
0-220,100 

61-028,028 
2-751,260 
0-343,906 

15-434 
26795 
2-204,857 



Multiply by 

•028848 

•014424 

•003606 

•0004508 

•00005635 

•0005787 

-0000214 

-263 

•281 

•4908 

•4103 

•2636 

-26 

-3225 

•3037 



Hoare*B DecamabL ^^«\«m.. 



•^ Ibid. 
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Table of Decimal Multifliebs — Continued. 



M eaatiTes. Weights, &c. to be 
Conycnrted. 
To reduce Cubic Feet to 

Ditto n 

Ditto „ 

Square Tnches „ 

Ditto „ 

Square Feet „ 

Ditto 

Ditto 

Square Yards 

Linear Inches 

Ditto 

Ditto 

Linear Yards 

Ditto 

Circular Inches 

Cylindrical Inches 

Ditto 

Cylindrical Feet 

Ditto 

Ounces Avoirdupois 

Ditto 

Ditto 

Ditto 

Pounds Avoirdupois „ 

Ditto 

Ditto 

Second? 

Ditto 

Ditto 

Ditto 

Minutes 

Ditto 

Ditto 

Ditto 

Hours 

Ditto 



n 
tf 
»» 
ff 
tt 
>» 
j» 

M 
f1 

n 
t> 
It 

M 
If 

ff 
ft 
t1 
tt 



tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
t* 
t* 

n 

tt 
tt 
tt 
tt 
tt 
tt 



tt 

tt 

a 

tt 

»» 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

V 

tt 
if 



tt 



>» 



Cubic Yards 

Gallons 

Tons Measurement. 

Square Feet 

„ Yards 

Square Bods 

Koods 

Acres ........ 

Square Acres 

Poles 

Furlongs 

Miles 

Furlongs 

Miles 

Square Feet 

Cubic Feet 

Gkdlons 

Cubic Yards 

Gallons 

Pounds 

Quarters 

Cwts 

Tons 

Quarters 

Cwts. 

Tons 

Minutes 

Hours 

Days 

Weeks 

Hours 

Days 

Weeks 

Years 

Weeks 

Years 



Multiply by 

•08704 
•6232 
•026 
•00694 
•0007716 
•003673 
•000092 
•000023 
•0002066 
•0050505 
•0001262 
•0000158 
•004545 
•000568 
•00546 
•0004506 
•002832 
•02909 
4-895 
•0625 
•002232 
•000568 
•0000279 * 
•0357 
•008928 
•0004464 
•0166 
•000277 
•0000116 
•00000166 
•0166 
•000696 
•0000992 
•0000019 
•00696 
•0000011 
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MEMOEANDA, 

Cubic feek in 1 tou of Paving Stone U*836 

„ „ Granite ia-505 

„ „ Marble 13-070 

Chalk 12-874 

„ „ liimeatone 11-273 

„ „ Coal 28-600 

„ „ Tallow 38-000 

„ „ Elm 64-460 

„ „ !Qonduras Mahogany 64-000 

„ „ Beech 51494 

SigaFir 47762 

„ „ Ash and Dantzic Oak 47158 

„ „ Spanish Mahogany 42066 

:EigliBhOak 36-205 

Grains in one ounce avoirdupois 437} 

Grains in one pound ditto 7,000 

Grains in a cubic inch distilled water, bar. 30 inches, th. 62** 252*458 

Cubic inches in one ounce of water 1*73298 

English acre 4,840 square yards. 

Scotch „ 6,08* „ 

Irish „ 7,840 

English mile 1,760 yds, or 6,280 feet 

Nautical „ 2,027 „ 6^082 « 

Irish „ 2,240 

Scotch „ 1,984 

Prussian „ 8,237 

Spanish „ 4,635 

Portuguese „ 6,760 

German „ 6,859 

Mexican league 5,000 varas, or 4,5861 

Inches in a Erench metre 39*37009' 

Eeetin ditto 3*28089 

Square feet in the square metre 10*76429 

Pounds in a kilogramme 2*20548 

One gramme = 15*438 troy grains. 

or, = '00205 of a fc avoirdupois. 

Imperial gallons in a litre = '22009 

One Spanish arroba = 25 fts. 6 oz. avoirdupois. 

One ditto quintal = 101^ fts. ^ 

One ditto carga = 304| fts. ^ 

One ditto vara = 33 J inches. 

200 grains Mexican =i. 'J'7-=J^^»in8 troy. 



■»>. 

99 
99 

99 

>9 



\ 
\ 
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Volume of a sphere whose diam. ifi 1. . . '523598 

lioad of unheivu timber 40 cubic feet 

Ditto squared „ 50 ,, 

Ditto one-ijach pHkok 600 square feet. 

One ton shippuftg 40 cubic feet. 

One ton of copper Offe « 21 cwta. 

One bing of lead ore (Alston Moor) ... 8 cwts. 

120naila 1 hundred. 

500 bricks 1 load. 

Id^cwt. 1 fother of lead. 

21 „ 1 ditto on the Tyne. 

22 „ 1 ditto on the Tees. 



JOINT STOCK OOMPAinBS ACT OF 1857. 

ThoB Act, which passed the legislature on the 15th July, is 
intended to amend the " Joint Stock Companies Act of 1856," 
now styled the Principal Act, and which has been noticed in 
another portion of this work. 

Since that article was printed, some of the sections of the 
Principal Act have been repealed, and alterations made, which 
tend to remove much of the obscurity that enveloped portions of 
it, as well as more clearly to define the meaning of the several 
clauses, and especially with regard to the penalties to be inflicted 
for their non-observance. 

The amalgamation of these two Acts, now cited as the Joint 
Stock Companies Acts 1856, 1857, secures great advantages to all 
Companies incorporated under their regime. 

The undermentioned clauses are of great importance : — 

" If after the passing of this Act more than twenty persons 
carry on in partnership any trade or business, having for its 
object the procurement of gain to the partnership, then unless 
such persons are included within one or more of the classes follow- 
ing, (that is to say,) 

1. — Are registered as a Company under the Principal Act; 

2. — ^Are a Company incorporatea or otherwise legally constituted 
by or in pursuance of some Act of Parliament, Eoyal Charter, 
or Letters Patent ; or 

3. — Are engaged in working mines within and subject to the 
jurisdiction of the Stannaries ; 
Each one of the persons so carrying on business in partnership 
together contrary to this provision anallb^ ^e^^T^j^^^ai^^^^^*^^ 
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payment of the whole debts of the partnersbip, and may be sued 
for the same without the joinder in tne action or suit of any other 
member of the partnership." 

" If any Company hereby required to register under the Joint 
Stock Companies Acts makes default in registering on or before 
the second day of November^ 1857, then, from and after such day 
until the day on which such Company is registered under the 
Joint Stock Companies Acts, 1856, 1867, the following conse- 
quences shall ensue, (that is to say,) 

1. — The Company shall be incapable of suing either at law or 
in equity, but shall not be incapable of being made a defen- 
dant to a suit either at law or in equity ; 
2. — No dividend shall be payable; 

3. — Each Director or Manager of the Company shall for each 

day during which the Company is indefault incur a penalty 

five pounds, and such penalty may be recovered oy any 

person, and be applied by him to his own use ; 

Nevertheless such default shall not render the Company so 

being in default illegal, nor subject it to any penalty or disability 

other than as specified in this section." 



INDEX. 



*f 



ff 



it 



t* 



Accounts (Joint Stock Act) 

Alk.Cu u 16 V 61o •«• ••• ••• ••• ••• ■>• ••• ••• 

Advice to Capitalists 

Agricola's " De Re Metallica " ... 

Air in boiler flues and chimney at North Boskear Mine ... 

„ supplied to furnaces of Cornish engines 

Alkaline flux, fusion of lead ores with 

J!^mM\JjO» Ovv« ••• ••• ••• ••• ••• ••• ••• ••• 

XmiilAlIllTlllXIXl ••• ••• ••• ••• ••• •«• ••• ••• •• 

Experiments with reference to the production of, by Deville 
Gay-Lussac and Thenard's method of preparing 
Quotation from M. Dumas upon the production of 
Ambrose, Bishop of Milan 

Analysis of air in flues of North Eoskear Engine, by K Hunt, F.B.s. 
„ „ Tresavean Engine, „ 

f, „ United Mines Engine, „ 

ancient arms and cutting instruments 
,, S l a gs ... .. ... 

„ a boiler incrustation ... 

Ancient coins, silver in .. . 
Arrear of calls, form of notice of ... 
Articles of Association of the Joint Stock Act 
Axuizans .•• ... ... ..* ... 

Assay for silver ... 
of copper ores 
of galena ... ... ... ... 

of gold ores ... 
of iron 
of lead 

in an iron dish 
„ pot ... 

of silver ores not containing lead 
of tin ores 

method of conducting an . . . • 

^\ Ho&y xdk ••• •■• ••• ••• 

„ copper ores, Cornish method of 
„ „ humid „ 

Auditors and their duties 

„ form of notice to . . . 
Aurichalcum 
Auriferous pyrites ... 
Average cost of boring by various systems 
duration of life among miners 
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PMi 

Bath metal ... ... ... ... ... ... ... ... ... 285 

BeflNieiuer's iron proceis ... ... ... ... ... ... ... 168 

„ „ Erperimenta by Mr. Clay ... 178 

„ „ „ at Meam. Jackson's Worics ... 178 

Bills of exchange, &c. ... ... ... ... ... ... ... ...210 

" Black lead,'* origin of ... ... ... 5 

Blanched copper ... ... ... ... ... ... ... ...285 

Boilers, steam ... ... ... ... ... ... ... ... 85 

„ „ cylindrical 88 

„ „ incrustations of ... ... ... ... 92* 

„ „ „ analysis of 92 

,, ,, tuDuJar ... ... ... ... ... ... ... oo 

Bolts, sizes and proportions of .. . ... ... ... ... ... ... 278 

Booth's patent grease for railway axles ... ... ... 285 

Boring 190 

„ by various systems, average cost of ... ... ... ... 194 

„ tools, improvements in .. . ... ... ... ... ... ... 191 

„ ,, by M. Kind 198 

Brass, yellow ... ... ... ... ... ... ... ... ... Ifi 

Britain, silver mines in ... ... ... ... ... ... ... 18 

British and Foreign dividend-paying mines ... ... ... ... ...201 

British weights and measures into iVenoh, to diangft ... ... ... 28S 

Britannia metal ... ... ... ... ... ... ... ... ... 285 

J3rOuSv ■•• >•• ••• ••• ••» *•• ••• «•• li 

Buddie, German rotating- ... ... ... ... ... 121> 

Lisbume ... ... ... ... ... ... .^ 127 

Round ... ... ... ... ... ... ... ... _ 125 
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Cables, rule to ascertain the strsngih of ... ... ... 272 

\^tt^A III X€m ■■• ••• -■• ••■ ••• ••• ••• •*» ^, O 

\^U.lo ••• ••■ ••• ••■ ••• ••* ••• ••• •«• ^V*r 

„ form of notice of ... ... ... ... ... ... .. ... 281 

Oamden on the tin mines of Cornwall ... ... ... ... ..^ 22 

Campania, copper in ... ... ... ... ... ... ... ... % 

Candles and lamps ... ... ... ... ... ... ... ... 341 

Capitalists, advice to ... ... ... ... ... ... ... ... 198 

Carbon in cast iron, elimination of ... ... ... ... ... igg 

Carbonate of soda, &c., ^ion of gold ores with ... ... ... ... 165 

Cast iron, elimination of carbon in ... ... ... ... ... I68 

Cement for steam-pipe joints, &c. ... ... ... ... ... ... 285 

Centrifugal force of a body, to find the ... ... ... ... ... £75 

Certificate, form of shai'e ... ... ... ... .,, ... ... 228 

Chains and wire ropes ... ... ... ... ... ... ... 239 

Chinese system of boring ... ... ... ... ... ... ... 192 

„ white copper ... ... ... ... ... ... ... 285 

'* Chronographia," quotations fix)m Grey's ... ... ... 2d 

Clay, experiments on Bessemer's iron process^ by ... ... ... 17^ 

V^V&l ••• ••• ••• •■• ••• •«• ••• ••• ««• ..^ ^d 

average composition of, from different localities ... ... ... $5 

„ value of ... ... ... ... ... ... ... ... W 

employed as fuel in the time of Charles I. ... ... ... ... 26 

experiments by Mr. Wicksteed on ... ... ... ... $§ 

in a seam, rule for estimating the quantity of ... ... ... ^f 

Colli, gold ... ... ... .,. ... 386 

„ silver ... ... ... ••• •-« ♦*' •-* -*- ... 286' 
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FAas 

yiombastible substances, heating powers <^ ^t 

Oommittee of management, form of notaoe i6 A 233 

Cbmparatiye weight of various me%aifl^ &C. 271 

^Gk)knparison between Cornish, fB^ctorjf and lb<H>nrotii% eidgiUdl^ 01 

Composition of various kmds of iron dnd dte&l^ table shb^iliqgf 171 

„ used in welding c&st steel 884 

t3(mdensing and other engines for minitig pUTpd^ies 99 

^ntracts ... ... ... ... ... ... ... ... ... 210 

l^veyances and mortgages ... 211 

tSbpper, blanched 285 

„ Chinese white ... ... ... ... ... ... ... ... 285 

„ mines in Staffordshire ▲.D. 1689 19 

„ Sinding's process for precipitating ... ... ... ... ... 178 

„ <Nres, assay of ... ... ... ... ... ... ... 146 

,) „ Cornish method of assaying ... ... ... ... ... 149 

t, „ dressing of, at Devon Great Consols I^Gne ... ... ... 132 

,t I, ftision of, for regulus ... ... ... ... ... ... 147 

,i „ humid method of assaying ... ... ... ... ... 151 

y, >, reduction of ... ... ... ... ... ... ... 148 

tt „ rule to find the standard of . . . ... ... ... 255 

„ „ sold in Cornwall by public ticketing, &c. from 1814 to 1856 256 
,) „ „ at Swansea „ „ 1819 to 1856 266 

„ „ treatment of, by hydrocbloric acid ... ... ... 188 

fi „ „ Mr; ftodius ... ... ... ... ... 183 

Oomish engines 96 

„ air supplied to furnaces of ... ... ... ... ;.. 95 

„ proposed improvements in ... ... ... ... 66 

Odmish method of assaying copper ores ... ... ... ... ... 149 

Cornwall, copper ores sold in, from 1814 to 1866 ..* 266 

„ management of fires by the enginemen in .. . ;.. ;.. ... 91 

Cost-book system, the 221 

„ rules for a mining company ... ... ... ;.. 232 

Cost and returns, statistics of ... ... .;. ... 249 

Cost of boring by various systems, average ... ... ... 194 

Cost of crushing ores per ton, &c. ... ... ... ... ... 183 

„ dressing lead ores in Cardiganshire, statistics of ... ... ... 139 

„ pumping water, average ... ... ... ... ... ... 242 

„ stamping per ton of ore at Qreat Hewas Mine ... ... ... 125 

,i „ „ Polberro Mines ... ... ... ... 124 

Crushing apparatus ... ... ... ... ... ... ... ... 118 

„ and dressing machinery ... ... ... ... ... ... 117 

«• ■■ 1 1 1 I t j ••••»• ••• ■•• ••• ••• ••• •«• •««A Aw 

,i „ edge and horizontal ... ... ... .^^ ... ... 121 

Cubical contents of vessels, to ascertain the ... ... .;> ... 28T 

Cumberland, copper found in, A.D. 1250 ^. ... 19 

Cupellation of silver ores 

>» » gold „ 
Outting instruments, analysis of 

Cylindrical boilers 

dimensions of 
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lyCEynhausefn, inventions by 

"DeReMetalHca" 

l)ecima] multipliers, table of ... 

I>eed% the execution of *^^ 
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Definitions, &c. ... ... ... ... ... ... \i 

,, of terms employed in Hydimolics ... A 

DeHcriptiari of horizontal noDHxmdenfling engine ... IH 

DeHilveriang lead, Parkes* prooeee for ... ])| 

Devillc, oziierimontH relating to the production of aluminium by ... ^ IM 

DoTon Great Consobi Mine, droning of copper ores at ... 18 

jigging neves at ... ... m 

packing apparatus at .. . ... Ij; 

round buddies at, particulars of .. . 127 

routine of dressing at ... U; 

sizing cistern at ... ... .._ 1$1 

sizing sieves at ... " ... 132 

slime dressing at ... ... ... 1J| 

M » »f pit at... ... ... 135 

M u separatorat Ijj 

Dividends ... om 

„ warrant, form of ... ... ... ... ... ... 28i 

Drawing J NiI>erH, dimensions of ... ... ... ... 284 

DrosHing of copijor ores at Devon Great Consols Mine ... ,^ 132 

„ load in Cardiganshire ... ... " 133 

Dressing machinery, &c. ... ... ... ... ... Uy 

process at the Goginan Mines ... ... ... ]3j 

routine at Devon Great Consols Mine ... ... I35 

of tin ores 

tin ore in the time of Queen Elizabeth, mode of 2S 

Dtick machine ... ... ... ... ... ... . '" 243 

DtioH, Lord's... ... ... ... ... ... ... 252 

Dumn/i, quotation from, on the production of aluminiiun ... ]g7 

Duties of Auditors ... ... ... ... 209 

Duty of Steam Engines ... ... ... ... . gj 

Eccentrics ... ... ... ... ... ... ... sa 

Economics, mining ... ... ... ... ... ... ^^^ 212 

Eddy, Htatemont relative to ropes and chains, by Mr. Stephen ... 240 

Elimination of carbon in cast iron ... ... ... ... ... 168 

Engine, Cornish, description of ... ... ... ... _ 60 

hydraulic, description of ... ... ... ... '" 49 

at the Alport Mines, Derbyshire ... 47 

Bavorys ... ... ... ... ... ... e£ 

ci i » . ••• •-• ••• *'" 

omeaton s . . . ... ... ... ... ... 57 

W & w V 8 ••• ••• •«• ••• ••• ••* ^^ ^7 

improvements in the ... ... ... * 58 

„ Reiwrter, by Mr. Browne ... " gj 

Mr. JoelLean ... .. g2 

Engines, combined cylinder ... ... ... ... ... "* yj 

„ comparison between Cornish factory, &c.... ... .._ 91 

duty of steam ... ... ... ... ... ... g] 

in Cornwall, in 1836, number of ... ... ... ... * 59 

scale of efifoctive horse-power of, by Mr. Browne ... 54 

stationary ... ... ... ... ... ... .. ^7 

„ table of pressure ... ... ... ... ... ... " go 

„ „ showing the periodical increase of duty from 181 8 to i856 62 

„ water'pressure ... ... ... ... ... ... 45 

„ „ „ construction of ... ... ... ... 47 

ff winding ... .«- ... ••• ... ... .^ 23j 
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-SngineSy windings table of 

lErtdxnation of silver in ancient coins ... 

Istimation of Lead ores 

t, „ 2Sno ores 

Evaporation of vesicular water 

Exdiange, bills of 

E:q>eriments on Bessemer's iron process at Glasgow 

„ „ „ by Mr. Clay 

coal by J. A. Phillips 

„ Mr. Wicksteed 
ordinary and superheated steam . . . 
round buddies ... 

the calorific capacity of steam, by Begnault 
temperature of mines, by Mr. Henwood 
results of, with crushing and grinding mills 
with reference to the production of aluminium... 

BiXplanations relative to keeping a Cost Book 

Extract from the " London Journal of Arts " . 

Fairbaim's boiler 

Eauvelle, M., inventions by 

Hres, management o^ by Cornish enginemen 

Flat iron, weight of a lineal foot of 

Forfeiture of shares ... 

Form of dividend warrant 

insurance notice 

proxy ... 

notice of arrear of calls 

,, call ... ... ... 

„ General Meetings 
notice to auditors 

„ Committee of managememt 
Belinquishment of shares 
setting and measurement book . . . 
share certificate... 
transfer of shares ... 
French boiler 

„ weights and measures into English, to change 
Fuel, saving in, from working steam expansively 
Furnace, wind 

Furnaces employed by the ancients 
Fusion of copper ore for regulus 

gold ores with litharge and carbonate of soda 
„ „ red lead or litharge 

lead „ metallic iron ... 

an alkaline flux ... 
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Galena, assay of . . . 

Galloway's boiler 

Gay-Lussac and Thenard's method of preparing aluminium 

General management of mines 

„ Meeting, form of notice of 

General Principles of the Joint Stock Act 

German rotating buddle 
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... 282 
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... 227 
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... 228 
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... 87 
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... 165 
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156 
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244 
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Qmelin's discoyeries 

Qoginan mines, dressing processes at 

Gold coin of Britain 

Qoldf Manheim 

oresy assay of 
ff cupellation of ... 
,f „ inquartation of 
Ck>vemor, the ... ... ... ... ... ... 

tk«ase, patent^ for railway axles 

Qreat Britain, mineral resources of 

Gudgeons, water-wheel, to find the diameter taid Iwigth of 

H4rd solder 

Heat, latent 

Heating powers of combustible substanoet 

„ Surface of steam bcolers 
Henwood's experiments on the temperitture of nnneB 
film's M^moire on superheated steam ... 
" Historia Naturalis**. . . 
Historical Notice, mining and metallui^gy 
Horse-power of Cornish steam-engines 
Humid method of assa3ring copper ores 

Hunt, F.B.B., Robert, analysis of air in flues of various engines, by 
Hydraulic engine at the Alport mines, Derbyshire ... 

„ machinery ... ... ... ... ... ... 

Hydrochloric acid, treatment of copper ores by 
Hydrostatic press 
Hyperbolic logarithms ... 



Imports and exports and nett value of metallio atid thineral produce 

the year 1855 ... 
Lnprovements in boring tools ... 
Inclined plane 
Incrustations of boilers ... 
Inquartation of gold ores ... 
Investment, mining as an 

Iron, number of persons employed in the production of . . . 
weight of a lineal foot of flat 

„ „ square and round bsr 

and steel, table showing the composition of various kinds of 
cement, cast ... 
manu&cture 
ores, assay of .. . 
processes, Bessemer's 

Martien's ... 
Plant's ... 
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Jdttt Stock Companies, Special Begulations of the 

Jblrdan, noTelties in the construction of stamping tniUs, by Mr. 

XilA)les, filling, &c ... 

Kind's, M., improvements in boring instruments 

Xing Numa ... 

Iitojaps and candles ... 

litttent heat 

IiaWs relating to the expansion of steam . . . 

Ldad, Parkes' process for desilverizing 
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